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(54) Title: RADIOLABELED CANNABINOID-1 RECEPTOR MODULATORS 



(57) Abstract: The present invention relates to particular radiolabeled Cannabinoid-l (CBl) receptor modulators, and methods 
of using these modulators for labeling and diagnostic imaging of Cannabinoid-l receptors in mammals, particularly humans, in 
Q addition, intermediates useful for the synthesis of the radiolabeled Cannabinoid-l receptor modulators are also disclosed, as well as 
the processes for synthesizing the radiolabeled Cannabinoid-l receptor modulators. Still further, formulations of the radiolabeled 
Cannabinoid-l receptor compounds are described. 
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TTTLB OF THE INVENTION 

RADIOLABELED CANNABINOlD-1 RECEPTOR MODULATORS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 Not applicable. 

BACKGROUND OF THE INVENTION 

Noninvasive, nuclear imaging techniques can be used to obtain basic and diagnostic information 
about the physiology and biochemistry of a variety of living subjects including experimental animals, 

10 normal humans and patients. These techniques rely on the use of sophisticated imaging instrumentation 
that is capable of detecting radiation emitted from radiotracers admmistered to such livmg subjects. The 
information obtamed can be reconstructed to provide planar and tomographic images that reveal 
distribution of die radiotracer as a function of tune. Use of appropriately designed radiotracers can result 
in images which contain information on the structure, funcdon and most inqwrtantly, the physiology and 

15 biodiemistry of die subject Muchof this infonnation cannot be obtained by other meaiis. The 
radiotracers used in these studies are designed to have defined behaviors in vivo which permit (he 
determination of specific ujformation concerning the physiology or biochemistry of the the subject or the 
effects that various diseases or drugs have on the physiology or biochemistry of the subject. Currently, 
radiotracers are available for obtaining useful information concerning such things as cardiac function, 

20 myocardial blood flow, lung perfusion, liver function, brain blood flow, regional brain glucose and 
o^iygen metabohsnx 

Compounds can be labeled wife either positron or gamma emitting radionuclides. For imaging, 
the most conomonly used position emitting (PET) radionuclides are ^C, ^^p^ ^^O and 1%, all of which 
are accelerator produced, and have half lifes of 20, 1 10, 2 and 10 mmutes, respectively. Since the half- 

25 lives of these radionuclides are so short, it is only feasible to use them at mstitutions that have an 

accelerator on site or very close by for their production, thus limitmg feeir use. Several gamma emittmg 
radiotracers are available which caa be used by essentially any hospital in the U.S. and in most hospitals 
worldwide. The most widely used of these are ^^mxc, 201xi and 123^ 

In the two decades, one of the most active areas of nuclear medicine research has been fee 

30 development of receptor imaging radiotracers. These tracers bind wife high affinity and specificity to 
selective receptors and neuroreceptors. Successful examples include radiotracers for imaging fee 
following receptor systems: estrogen, muscarinic, dopamine Dl and D2, opiate, neuropeptide-Y, and 
neurokmm-l. 

The natural ligands for fee cannabinoid receptors are termed endogenous cannabinoids 
35 (endocannahmoids) and include arachidonoyl ethanolamide (anandamide), 2-aminoefeyl arachidonate 
(vu-odhamme), 2-arachidQnoyl g}ycerol, and 2-arachidonoyl glyceryl efeer (noladin ether). Each is an 
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agonist with activities similar to A9-tetrahydrocannabinol, including sedation, hypothermia, intestinal 
immobility, antinociception, analgesia, catalepsy, anti^mesis, and appetite stinmlatiQn. There are two 
known receptor subtypes for cannabinoids, designated CB 1 and CB2. The CB 1 receptor subtype is 
widely distributed throughout the mammalian nervous system (especially brain), and certain peripheral 

5 tissues (includiag the pituitary gland, immune cells, reproductive tissues, gastrointestinal tissues, superior 
cervical ganglion, heart, lung, urinary bladder, and adrenal gland). The CB2 receptor subtype is presrat 
mainly in immune cells (especially B-cells and natural killer cells). A common role for both 
cannabmoid receptor subtypes is flie modulation of tije neuronal release of chemical messmgers, 
including acetylcholine, noradrenaline, dopanune, serotonin, Y-anrinobutyric acid, gjutamate, and 

10 aspartate. The receptors for cannabinoids are members of the superfanuly of G protein-coiq)led 

receptors. This superfamily is an extren^ly diverse group of receptors in terms of activating ligands and 
biological functions. 

As noted in the review by Gifford AN, et al., (In Vivo Imaging of tiie Brain Cannabinoid 
Receptor, Chemistry and Physics of Lipids, 2002, 121 (1-2), 65-72), "Although rodent studies have 
15 indicated that m vivo imaging of CB 1 receptors is feasible, at flie present time this receptor has still to be 
successfully unaged in a human PET study/' {M., p. 65.). CBl receptor radioUgands for imaging brain 
CB 1 receptors have been made, but in humans have been limited either by poor signal-to noise ratios, 
low brain uptake and/or rapid clearance. Other attenopts are detailed in the following: Lan R, et al.. 
Preparation of Iodme-123 Labeled AM251: A Potential SPECT Radioligand for flie Brain Cannabinoid 
20 CBI Receptor, J Labelled Cmpd Radippharm. 1996. 38(10), 875-881. ([123r|4abeUng of N-(piperidin-l- 
yl)-5-(44odophenyl)-l-(2,4-dichlorophenyl)-4-rnefliyl-lH-pyrazofe^^ an analog of 

SR131716A (rimomabant)); Gatiey SJ, et al., Imagmg tiie Brain Marijuana Receptor. Development of a 
Radioligand that Binds to Cannabinoid CBl Receptors In Vivo, J Neurochemistry, 1998, 70(1), 417- 
423.( [123riAM281 studies in mice and baboons); Mafliews WB, et al.. Synthesis of [18FISR144385: A 
25 Selective Radioligand for Positron Emission Tomographic Studies of Brain Cannabinoid Recqjtors. J 
LabeUed Cmpd Radiopharm, 1999, 42, 589-596; Mathews WB, et al., Biodistribution of [18FISR144385 
and [18f]SR147963: Selective Radioligands for Positron Emission Tomographic Studies of Brain 
Cannabmoid Receptors. Nuc Med Biol. 2000, 27. 757-762. (syntiiesis of two pyrazole PET Ugands and 
the results of PET experiments with fliese ligands in mice); Mathews WB, et al., Carbon-l 1 Labelled 
30 Radioligands for Imagmg Brain Cannabinoid Receptors, Nuc Med Biol, 2002, 29, 671-677 (synthesis of 
[llq SR149080 and [llC]SR149568 two 4-metiioxy analogs of rimombabant, and in vivo evaluation m 
mice); Katoch-Rouse R, Horti AG. Syntiiesis of N-(piperidin-l-yl)-5-(4-methoxypheny>l-(2- 
cMarophenyl)-4-[18Flfluoro-lH-pyrazole-3K:arboxamidebynucleophiIic [18F] fluorination: a PET 
Radiotracer for Studying CBl Cannabmoid Receptors, J Labelled Crapd Radiopharm, 2003, 46, 93-98 
35 (syntiiesis); Katoch-Rouse, R, et al.. Syntiiesis, Structure-Activity Relationship and Evaluation of 
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SR141716 Analogues: Development of Central Cannabinoid Receptor ligands with Lower 
Upophfficity, J. Med. ChenL. 2003, 46, 642-645; Willis PG, et al., Regioselective F-18 Radiolabeling of 
AM694, A CBl Cannabinoid Receptor ligand, J Labelled Cmpd Radiophaim, 2003, 46, 799-804. 
(synthesis of [l-(5-[18F]fluoroopentyl)-m-indol-3-yl]-(2-iod(q)henyl)in^^ Kmnar et al., 
5 Synthesis of [O-melhyl-l lC]l-2K;Uarophenyl)-5K4-niethoxyphenyl)4-methyl-lH-pyraro^ 

acid piperidin-l-ylamide: a potential PET ligand for CBl receptors, Bioorganic & Medicinal Chemistry 
Letters, 2004, 14, 2393-2396; and Berding et aL, [123i]AM281 Single-Photon Emission Computed 
Tomography Imagining of Central Cannabinoid CBj Receptors Before and After delta9- 
Tetrahy drocannabmal Therapy and Whole-Body Scannmg for assessment of Radiation Dose in Tourette 
10 Patients, Biol Psychiatry, 2004, 55, 904-915. 

Excessive exposure to A^-THC can lead to overeating, psychosis, hypothermia, memory loss, 
and sedation. Specific synthetic ligands for the cannabinoid receptors have been developed and have 
aided in the characterization of the cannabmoid receptors: CP55,940 (J. Pharmacol. Eqp. Then 1988, 
247, 1046-1051); WIN55212-2 (L Pharmacol. Exp. Ther. 1993, 264, 1352-1363); SR141716A (EBBS 
15 Lett 1994, 350, 240^244; Life Sci.i995, 56, 1941-1947); and SR144528 (J. Pharmacol. Exp. Ther. 1999, 
288, 582-589). The pharmacology and therapeutic potential for cannabinoid receptor ligands has been 
reviewed (Exp. Opin. Ther. Patents 1998, 8, 301-313; Ann. Rep. Med. Chem, A. Doherty, Ed.; 
Academic Press, NY 1999, Vol. 34, 199-208; Exp. 0pm. Ther. Patents 2000, 10, 1529-1538; Trends m 
Pharma. Sci. 2000, 21, 218-224). 
20 Cannabinoid receptor modulating compounds are disclosed in US Patents 4,973,587, 5,013,837, 

5,081,122, and 5,112,820, 5,292,736 5,532,237, 5,624,941, 6,028,084, and 6,509,367, 6,355,631, 
6,479,479 and in PCT PubUcations WO 96/33159, WO97/29079, W098/31227, WO 98/33765, 
WO98/37061, W098/41519, W098/43635 and W098/43636, WO99/02499, WOOO/10967, and 
WOOO/10968, WO 01/09120, WO 01/70700, WO 01/96330, WO 01/58869, WO 01/64632, WO 
25 01/64633, WO 01/64634, WO 02/076949, WO 03/066007, WO 03/007887, WO 03/02017, WO 

03/026647, WO 03/026648, WO 03/027069, WO 03/027076, WO 03/027114, WO 03/037332 and WO 
03/040107, andEP-658546. 

Schultz, E.M, et al J. Med Chem. 1967, 70. 717 and Pmes, S. H. et al J. Med Otem. 1967, JO, 
725 disclose maleamic acids affecting plasma cholesterol and praricillin excretion. 
30 PET (Positron Emission Tomogrq)hy) radiotracers and imaging technology may provide a 

powerful method for clinical evaluation and dose selection of cannabinoid-1 receptor agonists, iuverse 
agonists, and antagonists. Using a fluorine-18 or carbon-11 labeled radiotracer that provides a 
cannabinoid-1 receptor-specific image in the brain and other tissues, the dose required to saturate 
cannabinoid-1 receptors can be detennined by the blockade of the PET radiotracer image in humans. 
35 The rationale for this approach is as follows: efficacy of a cannabmoid-1 receptor modulator is a 
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consequence of the extent of receptor inhibition, which in torn is a function of the degree of drug- 
receptor occupancy. 

It is, therefore, an object of this invention to develop radiolabeled cannabmoid-l receptor 
modulator that would be useful not only in traditional exploratory and diagnostic ima^g applications. 
5 but would also be usefiil m assays, both in vitro and in vivo, for labelmg the cannabmoid-l receptor and 
for con?>eting with unlabeled cannahmoid-l receptor antagonists, inverse agonists, and agonists. It is a 
further object of this invention to develop novel assays which conqprise such radiolabeled con?K)unds, It 
is yet a fax&sx object of the present mvention to develop intennediates for the synthesis of radiolabled 
cannahmoid-l modulators. 

10 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 represents the X-ray powder diffiraction pattern (XRPD) of (N-[2-(3-Cyanophenyl)-3-(4- 
hydroxyphenyl)-l-methylpropyll-2K5-inethyl-2-pyridyloxy)-2-methyl^^^ The X axis 

represents 2-theta in degrees the Y axis represents Intensity m counts. 
15 Fig. 2 represents the XRPD of (N-(l-S,2S)-{2<3-Cyanophenyl)-3-[+<2«fluoroethoxy^^ 

methylpropyl}-2-(5-methyl-2-pyridyloxy>2-methylpi»panamid^^ The X axis represents 2-theta m 
degrees and the Y axis represents Intensity in counts. 

SXJMMARY OF THE INVENTION 

20 The present invention is dhected to certain radiolabeled cannabinoid-1 receptor modulators. The 

present invention is further concerned with methods for the use of such radiolabeled cannabinoid-1 
receptor modulators for tiie labeling and diagnostic imagiag of cannabinoid-1 receptors m mammals. 
Still further, the present invention is directed to intermediates useful for the syntiiesis of radiolabeled 
cannabinoid 1 modulators. The invention is also concerned with pharmaceutical formulations 

25 comprising one of the compounds as an active ingredient. The invention is further concerned wifli 
processes for preparing the compounds of this invention. 



DETAILED DESCRIPTION OF THE INVENTION 

The present mvention is dkected to certain radiolabeled cannabinoid-1 receptor modulators. In 
30 particular, the present invention is directed to compounds of the formula I: 

r2 
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wherein: 

Arl and Ar^ aie phenyl or pyridyl, 

wherein phenyl and pyridyl aie optionany substituted with one to thiee snbstituents hKtependently 
selected from Rb; 
5 r1 is selected from: 

(1) hydro^n, 

(2) hydroxyl, 

(3) fluoro, 

(4) cyano, and 
10 (5) Ci^talkyl; 

r2 is selected from 

(1) hydrogen, and 

(2) Ci^ialkyl, 

r3 is selected from 
15 (1) Ci-lOalkyl. 

(2) C2-10aIkenyl. 

(3) C3-lOcycloalkyl. 

(4) C3-lOcycloal]cyl-Ci.4al3kyl, 

(5) cycloheteroalkyl, 

20 (6) cycloheteroalkyl-Cl-4alfcyl» 

(7) aryl, 

(8) aryl-Ci^alkyl, 

(9) diaryl~Ci-4alkyl, 

(10) aryl-Ci^alkenyl, 

25 (11) heteroaryl, 

(12) heteroaiyl-Ci-4alkyU 

(13) -ORd and 

(14) -NRCRd; 

wherein alkyl and alkenyl are optionaUy substituted with one to three subsdtuents independently 
30 selectedfromR^ and cycloalkyl, cycloheteroalkyl, aryl and heteroaryl are optionally substituted with 
one to three substituents mdependently selected fromRb; 
each R^ is independently selected from: 

(1) -ORd, 

(2) -NRCS(0)inRd» 
35 (3) halogen, 

(4) -SRd. 
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(5) -S(0)inNRCRd, 

(6) -NRCRd 

(7) <:(0)Rd, 

(8) "C02Rd, 
(9) 

(10) -C(0)NRCRd 

(11) -NRcC(0)Rd, 

(12) -NRcC(0)ORd, 

* (13) -NRcC(0)NRCRd, 

(14) -CPs. 

(15) -OCFs.and 

(16) cycloheteroalkyl; 

each R^ is independently selected from: 

(1) R^ 

(2) CMoalkyl, 

(3) aiyl, 

(4) aryICi.4aIkyl, 

(5) heteroaiyl, and 

(6) hetCToarylCi4alfcyl, 

BP and Rd aie independently selected from: 

(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) C240alkBBiyl» 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-ioalkyl; 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-io alkyl; 

(8) axyl, 

(9) hetraroaryl, 

(10) aryl-Ci-ioalkyl, and 

(11) heteroaryl-Ci-ioalkyl, or 

Rc and Rd together with the atom(s) to which they are attached form a heterocyclic ring of 4 to 7 
members contaming 0-2 additional heteroatoms independently selected from oxygen, sulfur and N-R^ 
each RC and Rd may be unsubsdtuted or substituted with one to three substituents selected from R^ ; 
each R^ is mdep^dently selected from 
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(1) hydrogen, 

(2) Ci-ioalkyl and 

(3) ^(0)Rg; 

each is independently selected from: 
5 (1) halogen, 

(2) Ci-ioalkyl. 

(3) -0-Ci.4allqrl 

(4) -S-Ci^alkyl, 

(5) -S(0)mCl^|alkyl. 

10 (6) -CN, 

(7) -CF3. and 

(8) -OCF3; aad 
mis selected from 1 and 2; 
Rg is selected from: 

15 (!)• hydrogen, 

(2) Cuoalkyl. 

(3) C2-10aBoBnyl, 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-ioalkyl; 

20 (6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-io alkyl; 

(8) aryl, 

(9) heteroaryl, 

(10) aryl-Cl-10al*yl' ^ 

25 (11) heteroaryl-Cl-10aftyl»or 

Xl is hydrogen or the radionuclide 3H; 
one of X, Y. and Z is selected from: 

(1) a radionucUde selected from the group consisting of: ^H. l^C. ^^F, 125^ 82Br, I, I. 
75Br, 15o, l^N, 21lAt and ^^Br, 

30 (2) -CN, 

(3) -Ci-4alkyl 

(4) -0-Ci-4al^l. 

wherem alkyl and cyano contain one 1 radionucUde or alkyl is substituted with one to three 
18f atoms, and alkyl is unsubstituted or substituted with one or two fluoro substituents, 
35 and the other two of X. Y, and Z are each hydrogen; 
and phaimaceutically acceptable salts thereof. 
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In one embodiment of the present invention, Ar^ is selected from phenyl unsubstinted or 
subsituted with one or two substituents selected from Rb. In one class of this embodiment, Arl is 
phenyl, imsubstituted or substituted with halogen, ethoxy, metfioxy , and hydroxy. M one subclass of this 
class. Arl is selected from phenyl, 4-chlorophenyl, 4-fluorqphenyl, 4^thyoxyphenyl, 4-methoxyphenyl, 
5 4-hydroxyphenyl. 

In one embodiment of the present invention, Ar2 is phenyl imsubstituted or substituted with one 
or two substituents selected from Rl>. In one class of this enoibodiment, Ar2 is phenyl, unsubstituted or 
substituted with one or two substituents selected from halogen and cyano. hi one class of tins 
embodiment, Ar^ is phenyl substituted with one or two substituents selected from cyano, fluoro and 
10 biomo. hi one subclass, Ar2 is selected from 3-cyanophenyl 3-fluoro-5-bromophenyl 3-cyano-5- 
fiuorophenyl and 3-cyano-5-bromophenyl. 

hi one embodiment of the present mvention, r1 is selected from hydrogen, hydroxy, fluoro, 
cyano and methyl, hi a class of this embodiment, Rl is selected from hydrogen, hydroxyl, fluoro, and 
methyl hi a subclass of this class, Rl is selected from hydrogen, fluoro, and hydroxyl In another 
15 subclass of this class, Rl is selected from hydrogen and fluoro. In yet another subclass, Rl is hydrogen. 

In one embodiment of the present invention, R2 is selected from: hydrogen, methyl ethyl and 
isopropyl 

In one class of this embodiment, R2 is selected from hydrogen, methyl and ethyl 
In one subclass of this class, R2 is methyl 
20 In another embodiment of the present invention, R3 is selected bom: 





(1) 


Ci-ioalkyI, 




(2) 


C2-10aB2enyI, 




(3) 


C3-i0cycloal]Q^l-Ci-4aIlq'l, 




(4) 


cycloheteroallqrl-Ci_4alkyl, 


25 


(5) 


aryl-Ci-4aUqrl, 




(6) 


diaryl-Ci-4alkyl, 




(7) 


aryl-Ci-4alkenyl, 




(8) 


heteroaiyl-Ci-4aIkyl, 




(9) 


-ORd, and 


30 


(10) 


-NRCRd, 



wherem each alkyl or albenyl is optionally substituted with one or two substituents independentiy 
selected from Ra, and each cycloalkyl cycloheteroalkyl aryl and heteroaryl is each optionally 
substituted with on to three substituents independentiy selected from R^^. 

In one class of this embodunent of the present invention, R^ is selected from: 
35 (1) Ci-galkyl 
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(2) C2-8altBiiyl' 

(3) C3-l0cycloalkyI, 

(4) cyclohetBn>aIkyl-Ci-4aIkyU 

(5) aryl-Cl^alkyl, 

5 (6) diaryl-Ci-4alkyl^ 

(7) aiyl-Ci-4flIkenyl, 

(8) heteroaryl-Cl.4allsyl» 

(9) -ORd, and 

(10) -NRCRd 

10 whereineachalkyloralkenylisoptionaUysubsdtutedwitho 

selected ftom Ra and each cycloalkyl cycloheteroalkyl, aryl and heteroaryl is each optiooany 
OTbstitiited with on to three substituents independently selected fromRb 

m a subclass of this embodiment of the present hivention, R3 is selected firom: 

(1) Ci-8alkyl. 

15 (2) C2-8alkenyl» 

(3) cycloheteroalkyl-Cl-4alkyl» 

(4) aryl-Cl-4alkyl. 

(5) diaryl-Ci-4allQ^l' 

(6) aryl^^l^alkenyl, 

20 (7) heteroaryl-Ci.4alkyl' 

(8) -ORd and 

(9) -NRcRd, 

wherein each alkyl or alkenyl is optionally substitnted with one or two substituents independently 
selected from Ra and each cycloalkyl, cycloheteroalkyl, aryl and heteroaryl is each optionally 
25 substituted with on to three substituents independently selected from R^. 

hi another subclass of this embodiment of the present invention, R3 is selected from: 

(1) Ci^alkyl, 

(2) C2^altenyl, 

(3) C3-I0cycloalkyl, 

30 (4) cycIoheteroalkyl-Ci-4alkyl, 

(5) aryl-Ci-4alkyl, 

(6) diaryl-Cl-4al^l» 

(7) aryl-Ci-4alkenyl, 

(8) heteroaryl-Ci-4alkyl» 
35 (9) -ORd, and 
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(10) -NRCRd, 

wherein each alkyl or alkenyl is optionally substituted with one or two substituents independently 
selected fromRa, and each cycloalkyl, cyclohetaoalkyl, aryl and heteroaiyl is each opticmally 
substituted with one to three substituents independently selected from and wherem cycloheteroallcyl 
5 is selected from pyrroUdinyl, morpholinyl, piperazinyl, and piperidinyl; aryl is selected from phenyl and 
naphthyl; and heteroaiyl is selected from pyridyl, pyrazolyl, triazolyl, pyrimidyl. isoxazolyl, hidolyl and 
thiazolyl. 

hi an additional subclass of this embodiment of the present mvaition, r3 is selected from: 
(1) Ci-galkyl, 
10 (2) C2^allcenyL 

(3) cycloheteroal]cyl-Ci.4alkyU 

(4) aiyl-Ci^talkyl, 

(5) diaryl-Ci.4alkyl, 
((S) aryI-Ci.4alkenyl, 

15 (7) heteroaiyI-Ci-4alkyU 

(8) -ORd, and 

(9) -NRCRd, 

wha»m each aDtyl or alkenyl is optiwially substituted widi one or two substituents independently 
selected fromRa. and each cycloalkyl, (^cloheteroaD^l, aryl and heteroaiyl is each optionally 
20 substituted with one to three substituents independently selected from Rb and wherein cycloheteroalkyl 
is selected frompyiiplidinyl, morpholmyl piperazmyl. and piperidinyl; aryl is selected from phenyl and 
naphthyl; and heteroaiyl is selected from pyridyl, pyrazolyl, triazolyl. pyrimidyl, isoxazolyl. indolyl and 
thiazolyl. 

In still another subclass, B? is selected from: isopropyl, isobutyl, t-butyl, pentyl, benzyl, a- 
25 hydroxy-benzyl. a-methoxy-benzyl, a-ethyl-benzyl, a-ethyl-cyclobutyl, a-propyl-cyclobutyl, a-butyl- 
cyclobutyl, Orethyl-cyclopentyl, a-propyl-cyclopentyl, ctrbutyl-cyclopentyl. a-hydioxy^phenyl-methyl. 
3-(aminosulfonyl)-propyl, 5-{t-butyloxycarbonylamino>-pentyl, anilino. anilmo-methyl, t-butoxy, 
phenoxy, benzyloxy, 1-naphthyl-methyl, phenyl-ethyl. S-phenyl-propyl, 33-diphenyl-propyl, 2rphenyl- 
ethyleme, l-pbenyl-iJropyl, medioxymethyl, 3-benzoyl-propyl, 7-benzoyl-heptyl, 2-t-butoxy-ethyl, 

30 phenoxy-mettiyl, l-(phenoxy)-ethyl, 2-0phMioxy>isopropyl, 2-(pyxidyloxy)-isopropyl, 2- 

(pyrimidinyloxy)-isbpropyl. 2-(pyridazhiyloxy)-isopropyl. cyclopropyl-methyl, cyclopentyl-methyl, 2- 
(cyclohexyloxy>isopropyl, (l-indanone>3-methyl, (2-thiazolyl)-S-niethyl. (2-benzothiazolyl)-S-methyl, 
(2-benzoxazolyl)-S-methyl, benztriazolyl-methyl, 2-(benzothiazolyl)-ethyl, isoxazolyl-methyl, thiazolyl- 
methyl, triazolyl-methyl, 2-(triazolyl)-ethyl, pyrazolyl-methyl, 2-(pyTazolyl)-ethyl, and (3-(l-oxo- 

35 isomdolyl)>methyl; wherem each alkyl or alkenyl is optionaUy substituted with one or two substituents 
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fedependentlyselectedfromRa and each cycloalkyUycloheteroaD^^^ 

optionally substituted with on to three substituents independendy ^^^^^f"^ ^ 
feyetanothersubclassoftbisclassoftbeinvention.R3isCi.8alkylsute 

In still another subclass, is: 




unsubstitutedorsubstitutedonthehetaxnffylringwiihanRl'sutetatue^ 

Moneen*odin^ofthepre8entinvention.eachRaisindependent^^^^ -OR .- 

rnsm^^ balogen. -SRd ^O)^^ -NRCRd. -C(0)Rd -C02R<i. -CN. -C(0)NHRd. . 
NHC(OM -NHC(0)ORd, -NHC(0)NHRd. .CF3. -OCF3, and cycloheteroalkyl. 

InoneclassoftMsen*odhnentofthepresentinvention,eachRa^mde^^^ 
-ORd. -NHS(0)2Rd, halogen, -SRd, -S(0)2NH2, -NHRd -N(CH2CH3)Rd <:(0)Rd <:0^. -CM. - 
C(0)NHRd .NHC(0)Rd. .NHC(0)ORd .NHC{0)NHRd, .CF3. -OCF3. and cycloheteroalkyl. 

la another embodinient of thepresent invention, eachRaisindependenU^ 
^^cs(oTn^dl^ogen.S(0):^d,^(0)„^cRd..NR<^d.a^^^^ 
NRCC(0)Rd -NRCC(0)ORd. .NRcC(0)NRCRd, ^3. and cyclohetetoalkyl. 

I„oneen*odin,entofthepresentinvention.eachRb^independend^ -OR 
NHS(0)„^d halogen, -SRd.^(0)^d. .NHRd, <X0)Rd-C02Rd^^ 
NHC(0)Rd. .NHC(0)ORd .NHC(0)NRCRd ^3. ^3. cycloheteroalkyU d-ioalkyl, aryl arylCi- 

4alkyl,hetEroaryl,andhfiteroaryICMaU£yl- 

M one class of this embodin^t, each R^ is independently selected from: -ORd. halogen, -CN. - 
CF5 -OCF3. cycloheteroalkyl, CMalkyl. phenyl, benzyl, and heteroaryl. 

Inoneclassofthisembodin^ent.eachRl'isindependentlyselectedfrom: -ORd. halogen, -CN. - 

CF3, and methyl. 

M one embodin^ent of the present invention, each RC is mdependently selected ftonu hydrogen. 

and Ci-4alkyl, and n i r« 

eachRd ^ mdependently selectedftom: hydrogen. Ci^U Cz^alkenyl. cycloalkyl. cycloalkyl-Ci- 
4alkyl, cycloheteroalkyl, cycloheteroalkyl-CMalkyl. phenyl, heteroaryl. phenyl-Ci^l. and 
heteioaryl-Ci-4alkyl» or 

RCandRdtogeAervdththe atorn{s)towhichthey are attachedformaheterocycUc ring of4to7 

, ,,^containinga-2additiondheteroaton^independenUy^^^^^^ ' 
eachRCandRdinay be unsubstituted or substituted with one to three substituents 
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In one class of this embodiment of the present invention, each is independently selected ficom: 
hydrogen, and Ci-4alkyl, and 

each Rd is mdependently selected from: hydrogen, Ci-Salkyl, --CH2CH=CH2. cyclohexyl. cyclopentyl, 
cyclopropyl. cyclobutyhnethyl, cyclopentyhnethyl, cyclohexyhnethyl, pyrroUdinyl, phenyl, thiazolyl. 
5 pyridyl, benzothiazolyl, benzoxazolyl, triazolyl, benzyl, and pyridyl-methyl-, or 

Rc and Rd togeth^ with the atom(s) to which fliey arc attached foam a piperidinyl ring, 

each RC and Rd may be nnsubstituted or substituted with one to three substituents selected from Rt 

In one embodiment of the present mvention, each Re is independently selected from: hydrogen, 
Ci-6alkyl,and-C(0)Rg. 

10 one class of this embodiment, each Re is independently selected from: hydrogen, Ci-4alkyl, 

and -C(0)Ci.4aIkyl 

In one subclass of this class, each R© is hydrogen, methyl or methylcarbonyl. 
In another subclass of this class, each R® is methyl. 

In one embodunent of the present invention, each R^ is independently selected from: halogen, 
15 Ci.i0alkyl,-O<:i^alkyl,-S-CMalkyl,-a^,^^ 

In one class of this embodinaent, each R^ is independently selected from: halogen, Ci^alkyl, - 
0-CMalkyl, -S-Ci-4alkyl, -S(0)2Ci.4alkyU -CN, -C3F3, and -OCF3. 

In one subclass of this class, each R^ is independentty selected from: halo^n, methyl, methoxy, 
methylthio-, -SC)2CH3, -CN. -CF3, and -OCF3. 
20 In another subclass, each R^ is independently selected from: halogen, Ci-3alkyl, -SO2CH3, - 

CN,and-CF3. 

In one embodiment of the present invention, m is selected from 1 and 2. In one class of this 
embodiinent,mis 2. 

In one embodiment of the present invention, Rg is selected from: hydrogen. Ci-iQalkyl, C2-IO 
25 aJkenyl cycloalkyl, cycloalkyl-Ci-iQalkyl, cycloheteroalkyl, cycloheteroalkyl-Ci-iQalkyl, aryl, 

heteroaryl. aryl-CMQalkyl, and heteroaryl-Ci-iQalkyl. 

In one class of this embodiment, Rg is selected from: hydrogen, Cl-4alkyl, C2-6 alkenyl. 

cycloalkyl, cycloalkyl-CMalkyl, cycloheteroalkyl, cycloheteroalkyl-Ci^allg^l, phenyl, heteroaryl, 

phenyl-Ci.4allsyl, and heteroaryl-Ci.4alkyl- 
30 In one subclass of this class, Rg is selected from: hydrogen, Ci-Salkyl, -CH2CH=CH2, 

cyclohexyl, cyclopentyl, cyclopropyl, cyclobutyhnethyl, cyclopentyhnethyl, cyclohexyhnethyl, 

pyrroUdmyl, phenyl, fliiazolyl, pyridyl, benzothiazolyl, benzoxazolyl, triazolyl, benzyl, and pyridyl- 

methyl-. 

In another subclass. Rg is selected from: 
35 (1) hydrogen. 
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(2) Ci-4alkyl, and 

(3) -C(0)Cl4al]qrl. 

In one embodiment of the present invention, Xl is hydrogen; 

XandYarehydrogenandZisselectedfrom: . ^ ISp 125i 82bx 123i. 131l, 

(1) aiadionnclideselected&amthegroupconsistuigofi^a^C, t, 1, m. 1. 

75Br, 15o, 1%, At and 77Br, 

(2) -CN, 

(3) 4:i.4alkyl, 

(4) -<M:i^|alkyi, 

wherein alkyl and cyano contain one 1 Ic ladionucMe or alkyl is substituted wilh one to three F 
atoms, and alkyl is unsnbstitnted or substituted with one or two fluoro substituents. 

lnoneclassofdnsembodiment.Xlishydrogen.XandY^hydro^^and^ 

(1) a radionucUde selected ftom the group consisting of: 3h,1»F, I, Br, I, U 

75Br,and77Br, 

(2) -CN, ■ 

(3) -Ci.4alkyl. 

(4) -OCl-4alkyl. 

whereinalkylandcyanocontainonellCradionucHdeoralkylissubstitutedwiti^ F 
atoms and alkyl is misubstituted or substituted with one or two fluoro substituents. 

m one subclass of this class . X 1 is hydrogen. X and Y are hydro^. and Z is selected ftom: 

(1) ^H, 

(2) l^F, 

(3) cyano, wherein the carbon is 1 1 C, 

(4) CH3, wherein tiie carbon is HC, and 

(5) -caF2-i^- ^ ,o„ 
In anotiier subclass of this class,Xlishydrogen,XandYare hydrogen. andZisCF2-i»F- 

In another embodfanrait of tiie present invention, Xl is hydrogen: 

XandZaxehydrogenandYisselectedftom: 

(1) a radionuclide selected from die group consisting of: ^H. A iC.^°F. I. Br, 1. 1. 

75Br, 15o, 1%, ^llAt and ^^Br, 

(2) -CN. 

(3) -CMalkyl. 

(4) -0-Ci4al]syl. 

wherein alkyl and cyano contain one Hc radionuclide or alkyl is substitiited wifli one to flnee l»F 
atoms, and alkyl is unsubstituted or substituted wifli one or two fluoro substitiients. 
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la class of this embodimeat, Xl is hydrogen, X and Z are hydrogen and Y is selected fixim: 

(1) a radionuclide selected from the groiq> consisting of: ^^F. ^^Sj, 82Br, 123], 131i, 
75Br,and77Br, 

(2) -CN. 

(3) -Ci-4al]£yl, 

(4) -O-Ci^attyl, 

wherem allsyl and cyano contain tme 1 ladionuclide or alkyl is substituted with one to three l^p 
atoms, and alkyl is unsubstitated or substituted with one or two fluoro substituents. 

la one subclass of this class, Xl is hydrogen, X and Z are hydrogen and Y is selected from: 

(1) 18f. 

(2) CH.3, wherein the carbon is 1 IC, 

(3) -O-IICH3. 

(4) -OCH2-I8F, 

(5) -0C-{2H)2-18F, 

{6) -OCH2CH2-18F;and 

(7) cyano wheiran the carbon is Hc. 

hi anothersubclass of this class, Xl is hydn^en, X and Z are hydrogoo, and Y is selected from: 

(1) the radionuclide ^^F, and 

(2) cyano wherdn the carbon is lie. 

In yet another embodfanent of the present invention, Xl is hydrogen and Y and Z are hydrogen, 
andX is selected from: 

(1) aradionuclide selected from the groi:^ consisting of: ^H, ^C, l^p, 125i, 823,, 123^ 131^ 
75Br,15o.l3N,21lAtand77Br. 

(2) -CN, 

(3) -Ci^alkyl 

(4) -O-Ci^alkyl, 

wherein alkyl and cyano contain one 1 radi(»niclide or alkyl is substituted with one to three l^p 
atoms, and all^l is unsubstitated or substituted with cos or two fluoro substituents. 

In a class of this ranbodiment, Xl is hydrogen and Y and Z are hydrogoi, and X is selected from: 

(1) a radionuclide selected from the groiq> consistmg of: ^H, l^p, 125i, 82Br, 123^ 131i, 
75Br,and''7Br, 

(2) -CN, 

(3) -Ci.4alkyl 

(4) -0-Ci-4alkyl, 
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wherein alkyl and cyano contain one radionucUde or alkyl is snbsdtiitBd with one to fliree F 
atoms, and aliyl is unsubstituted or substitnled with one or two fluoro substituaits. 

In a subclass of this class, Xl is hydrogpn, Y and Z are hydrogen. andX is sdected ftom: 

(1) 3a 

(2) 18f, 

(3) cyano, whraem the carbon is 1 IC, 

(4) -CH2-18F, 

(5) -0-11CH3' 

(6) -OCH2-18F, 

(7) -0C-{2H)2-18F, and 

(8) -OCH2CH2-I8F. 

hi yet another subclass of this class, Xl is hydrogen and Y and Z are hydrogra, and X is - 
OCH2CH2-I8F. 

hi another embodimsnt of the preset inveittion, Xl is the radiomicUde 3h and Y and Z are 
hydrogen and X is selected fixMii: 

(1) a radionucUde selected from the group consisting of: % "C, l^F. ^"^l ^^Br, l^li, 
75Br, 15o, 13N,21lAtand77Br, 

(2) -CN, 

(3) -CiJiaSkyl 

(4) -0-Ci.4altyl, 

wherehi alkyl and cyano contain one 1 radionucUde or alkyl is substituted with one to three l^p 
atoms, and alkyl is unsubstituted or substituted with one or two fluoro substituents. 

In one class of this embodiment. Xl is the radionucUde 3h. Y and Z are hydrogen and X is the 
radionucUde 3h. 

hi an embodiment of the present mvention Arl is phenyl. Ar2 is phenyl, Rl is hydrogen. R2 is 
C1.2 alkyl, R3 is Ci-3alkyl-0-Rd, Xl is hydrogen. X is -0-1 ICH3, 
-O-CH2-I8F, and -O-CH2CH2-I8F, Y is hydrogen, and Z is hydrograi. 

In yet another eanbodiment the present invoition is directed to flie conqjounds N-{ [2-(3- 
cyancphenyl)-3-[4K[18Fl-2-fluoroethoxy)phenyl]-l-methylpropyl}-2-(5-trifluQrom^^ 

methylpropanamide, which may be depicted as: 
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10 



15 



andAr-{[2-(3H:yanophenyl)-344<[18F]-2-fluoroethoxy)phenyl]4-methy^prc^^ 
pyridyloxy>2-niethylptopanainide, which may be dq)icted as: 



20 




la yet anodier embodiment, the pcesaat inventioii is directed to the use of the conqiounds N-{2- 
5 (3-<;yanophenyl>3-[(4«tho3qr)phenyll- l-methy^propyl}-2-<5-trifluarometh.yl-2^pyridyloxy)-2- 
methylpiopanamide, which may be depicted as: 





and Ar-{2-(3-cyaiiophfiQyl)-3-[{4-^oxy)pheiiyri- l-mBthylpiopyI}-2-(5-mBfliyI-2rpyridyloxy)-2- 
metbylpcppanamide, which may be depicted as: 

CH3 O 



as starting materiak for the synthesis of particular compounds of the present invention, 

"Alkyl", as well as other groups having the prefix "alk", such as alkoxy, alkanoyl, ineans carbon 
chains which may be linear or branched or combinations thereof. Examples of altyl groups mclude 
methyl, ethyl, n-iJropyl, isopropyl, butyl, isobutyl, seg- and ^-butyl, pentyl, hexyl, heptyl, octyl, nonyU 
and the like. 

"Alkenyl" means carbon chains which contain at least one carbon-carbon double bond, and 
which may be linear or branched or combinations thereof. Exan5)les of alkenyl include vinyl, aliyl, 
isopropenyl, pentenyl, hexenyl, heptenyl, 1-propenyl, 2-butenyl, 2-methyl-2-butenyl, and the like. 

"Alkynyl" means carbon chains which contain at least one carbon-carbon triple bond, and which 
may be linear or branched or combinations thereof. Examples of alkynyl include ethynyl, propargyl 3- 
methyM-pentynyl, 2-heptynyl and the like. 
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"Cycloalkyl" meaiis mono or Wcyclic caibocydic rings, each having fiom 3 to 10 caAon atoms. 
Examples of cycloalkyl inclode cydopropyl. cyclobutyl, cyclopentyl. cyclohexyl, cycloheptyl, 
cydoQxtyl, tetrahydronaphthyl. decahydronaphthyl, and the like. 

" Aiyl" means mono- or bicycUc aromatic rings containhig only caibon atoms. Examples of aiyl 
5 include phenyl, naphfliyl, and Ihe like. 

••Heteioaryr means a aromatic ring containmg at least one heteroatom selected ftomN. 0 and S, 
contaimng 5 to 6 atoms. Examples of heteroaiyl include pyirolyl. isoxazolyl, isothiazolyl. pyrazolyl. 
pyridyl. oxazolyl, oxadiazolyl. thiadiazolyl, thiazolyl. imidazolyl. triazolyl. tetmolyl. furanyl, triazinyl. 
thienyl.pyriimdyl,pyridazmyl.pyrazinyl. and the like. The heteroaryl ring may be substituted on one or 
10 more carijon atoms, in one embodiment of the present invention, heteroaryl is pyridyl, and pyrimidyL fa 

one class of this embodiment, heteroaryl is pyridyl. 

«Cycloheteroalkyr means saturatedrings containing at least one heteroatom selected from N.S 
andO.each of said ringhavmgftomStolOatoms in which die point of attachment may be carbon or 
nitrogen. Examples of «cycloheteroalkyrfacludepyrrolidinyUpiperidinyl,pipera2myl^ 

15 pyranyttetrahydrofuranyl,mofpholinyUdioxanyl.oxanyl,azetidmyl.^^^ - 
tetiahydrofnranyl, l-thia-^-aza-cyclohexane (thiomorpholinyl), hexahydrothienopyridinyl, 
thienopyridinyl. azacycloheplyU and the like. The term also includes partiaUy unsaturated mDaocyclic 
rings that are not aromatic, such as 2- or 4-pyridones attached through the nitrogen or N-substituted-(lH, 
3H)-pyrinridine-2.4^ones (N-substituted uracUs). The cycloheteroalkyi ring may be substimted on the 

20 ring carbons and/or the ring nitrogens. 

"Halogen" includes fluorine, chlorine, bronrine and iodine. 

When any variable (e.g.. Rl. Rd, etc.) occurs mwe than one time in any constituent or in formula 
I. its defmition on each occurrence is independent of its definition at every other occurrence. Also, 
combinations of substituents and/or variables arepermissible only if suchcombmationsre^^^ 

25 compoimds. 

Under standard nomenclature used throughout this disclosure, the terminal portion of the 
designated side cham is described first, followed by the adjacent fimctionality toward the point of 
attachment. For example, a Ci-S alkylcaibonylamino Ci-6 alkyl substitueut is equivalent to: 

O 

Ci.^kyl - ONH-Ci.aall<yl- 



30 



fa choosmg compounds of the present invention, one of ordinary skill in the art will recognize 
that the various substituents. i.e. r1 , r2, etc., are to be chosen in conformity with weU-known principles 
of chemical structure connectivity and stability. 
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The term "substituted" shall be deemed to include multiple degrees of substitution by a named 
substitutent Where multiple substituent moieties are disclosed or claimed, the substituted conqpound can 
be mdependenfly substituted by one or more of the disclosed or claimed substituent moieties, singly or 
plurally . By independently substituted, it is meant that the (two or more) substituents can be the same or 
S different 

Q>n5>ounds of Formula I may contain one or more asymmetric centers an^ 
racemates and racenuc mixtures, single enantiomers, diastereomeric mixtures and individual 
diastereomers. The present invention is ineant to comprehend aU such isomeric fornis of to 
of Formula L 

10 Some of the compounds described herein contain olefinic double bonds, and unless specified 

otherwise, are meant to include both E and Z geometric isomers. 

Tautomers are defined as conipounds that undergo rapid proton shifts from one atom of the 

con5)Ound to another atom of the confound. Some of the compounds described herein may exist as 

tautomers with different points of attachment of hydrogen. Such an example may be a ketone and its 
15 enol form known as teto-enol tautomers. The individualtautomersas well as mixture thereof are 

enconq>assed with coii9K)unds of Formula L 

Con?)Ounds of the Formula I may be separated mto diastereoisomeric pahrs of enantiomers by, 

for exan?)le, fractional crystallization from a suitable solvent, for example MeOH or ethyl acetate or a 

mixture thereof. The pair of enantiomers thus obtained may be separated into individual stereoisomers 
20 by conventional means, for example by the use of an optically active amme as a resolving agpnt or on a 

cWral HPLC column. 

Alternatively, any enantiomer of a confound of the general Formula I may be obtained by 
steroospecific syndiesis using optically pure starting materials or reagents of known configuration. 

Furthermore, some of the crystalline forms for compounds of the present invention may exist 
25 as polymorphs and as such are mtended to be included in the present invention. In addition, some of 
the compounds of the instant invention may form solvates with water or common organic solvents. 
Such solvates are encompassed within the scope of this mvention. 

It is genially preferable to administer conopounds of the present invention as enantiomerically 
pure formulations. Racemic mixtures can be separated into their individual enantiomers by any of a 
30 number of conventional methods. These hiclude cWral chromatography, derivatization witii a chiral 
auxiliary foUowed by separation by chromatography or crystallization, and fractional crystallization of 
diastereorueric salts. 

The term "pharmaceutically acceptable salts" refers to salts prepared from pharmaceutically 
acceptable non-toxic bases or acids including inorganic or organic bases and inorganic or organic acids. 
35 Salts derived from inorganic bases include aluminum, ammonium, calcium, copper, ferric, ferrous, 
lithium, magnesium, manganic salts, manganous, potassium, sodium, zinc, and tiie like. Particularly 
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preferred are tbe anmrnmum, calcium, magnesiinn, potassium, and sodium salts. Salts derived finom 
pharmaceuticany acceptable oigaiiic non-toric bases include salts of primaiy, secondary, and tertiary 
amines, substituted amines including naturally occurring substituted amines, cycUc amines, and basic ion 
exchange resins, such as arginine. betaine. caffdne, choline, NJJ'-dibenzylethylenediamine. 
5 diethylamine, 2-diethylaminoethanol, 2-dimethylammoethanol, ethanolamine, ethylenediamine, N-ethyl- 
morphdine, N-ethylpiperidme, glucamine, glucosamine, histidine, hydrabamine, isopropylamine, lysine, 
methylglucamme, morpholine. piperazine, piperidme, polyamme resms. procaine, purines, theobromine, 
triethylamine, trimethylamine, tripropylamine, tromethamine, and the like. The term "pharmaceuticaUy 
acceptable salt" further mcludes all acceptable salts such as acetate, lactobionate, benzenesulfonate, 
10 laurate, benzoate, malate. bicarbonate, maleate, bisulfate, mandelate, bitartrate, mesylate, borate, 

xnethylbromide. bromide, methyhritrate, calcium edetate, methylsulfate, camsylate, mncate, carbonate, 
napsylate. chloride, nitrate, clavulanate, N-melhylglucamme, dtrale, ammonram salt, dihydrochloride, 
oleate, edetate, oxalate, edisylale, pamoate (embonate), estolate, pahnitate, esylate, pantothenate, 
fhmarate, phosi*ate/diphosphate, gluceptate, polygalacturonatB, gtacon^^ 
15 stearate,glycoUylarsanilate,sulfete.hexylresQrcmate,subacetate,.lqr* 

tannate, hydrochloride, tartrate, hydroxynaphlhoate, teoclate, iodide, tosylate, isothionate, triethiodide, 
lactate, panoate, valerate, and the like which can be used as a dosage form for modifymg the solubility or 
hydrolysis characteristics or can be used in sustained release or pro^g formulations. 

It will be understood that, as used herein, references to the compounds of Formnla I are meant to 
20 also include the pharmaceutically acceptable salts. 

The present invention is also directed to a method for labelmg cannabmoid-1 receptors m a 
mammal which comprises administering to a mammal in need of such labelmg an effective amount of the 
radiolabeled compound of the present mvention. 

The present mveaition is also directed to a method for diagnostic imag^ng of cannabinoid-1 
25 receptorsmamammalwMchcomprisesadmimsteringtoamammalmneedofsuchdiagno^^ 
an effective amount of the radiolabeled conqpound of the present inventirai. 

The present mvention is also directed to a method for diagnostic imagmg of tissues bearing 
cannabinrad-1 receptors in amammal which comprises admhristering to a mammal in need of such 
diagnostic unaging an effective amount of the radiolabeled compound of the present invention. 
30 The present mvention is also directed to a method for the diagnostic imaging of endocannabinoid 

binding sites m tissues of a mammaUan species which comprises administering to the mammalian species 
in need of such diagnostic hnaging an effective amount of the radiolabeled compound of the present 
invention. 

The present invention is also directed to a method fac di^ostic unagmg of the brain m a 
35 mammal which comprises admmistering to a mammal m need of such diagnostic imagmg an effective 
amount of flie radiolabeled conq>ound of the present invention. 
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The present invCTtioQ is further dhected to a method for the detection or quantificatioa of 
cannabinoid-l receptors in ^arnmalian tissue which coDQqprises admniistering to a mammal hi wMch such 
quantification is desired an eflfective amount of tibe radiolabeled con^wund of the present mvenlion. 

In a pief ened embodiment of the methods of the present mvention, the mammal is a human. 

The present invention is further directed to a process for the preparation N-{ [2-(3-cyanophenyl)- 
3-[4-([18F]-2-fluoroethoxy)phenyl]-l-methylprppyl}-2K^ 

methylpropanamide, and JV.{[2<3<yanophenyl>344<[18iq-2-fluQroethoxy)phenyl] 
(5.methyl-2-pyridyloKy)-2-methylpropanamide, comprising: contacting iV-[2-(3-cyanophenyl)-3-(4- 
hydroxyphenyl)-l-metiiylpropyl]-2-(54rifluorDnietfayl-2-pyridyloxy>2-nieA^^ and A^[2-(3- 

cyanophenyl)-3K4-hydroxyphenyl>l-methylpropyl]-2<5-metiiyl-2-pyrid 

with an alkylating agent selected from [18F]fluoroethyl bromide and [ISFJfluoroethyl tosylate in the 
presence of a weak base, such as cesium carbonate, in an inert solvent, such as dimethylf ormamide, at a 
temperatuie between room tenq)erature and solvent reflux temperature, preferably about 100**C. 

Suitable radionuclides that may be mcorporated ui the instant compounds include (also 
written as T), ^Ic. ISp, 125i^ 82Br, 123i, 131^ .75Br^ IJq, 13n, 211 At or 77Br. The radionuclide that 
is incorporated in die instant radiolabeled compounds will depend on the specific analytical or 
pharmaceutical application of ttiat radiolabeled conq)Ound. Thus, for in vitro labeling of cannabincdd-l 
receptors and conq)etition assays, CQn?)0unds that incorporate ^H, l^Sj or 82Br will generally be most 
useful. For diagnostic imaging agents, coiiq>ounds that incorporate a radionuclide selected from 1 Ic, 
ISp^ 123i^ 131^ 75Br, 76Br or '^'^Br are preferred. In certain applications mcorporation of a chelating 
radionuclide such as Tc^^m jj^y also be useful. In the present invention, l^p is particularly preferred 
over lie because with the longer half-life of l^F, imagmg can be carried out long enough to allow a 
more specific signal to develop and improved conditions for receptor quantification studies. 

Compounds that bind to receptors may elicit different responses. An agonist will elicit a 
response similar to the natural ligand, especially in terms of cell si gn allin g and responses. These, in tum, 
will elicit a response in the organism being treated. An antagonist will bind to the receptor, thereby 
blocldng the action of its ligand or other agonist, but will not elicit a response or cause and further 
changes m tiie target cell type. An mverse agonist will bind to a receptor, block agonist binding, and will 
elicit a response in the opposite direction of that elicited by the natural or endogenous ligand. In the case 
of the cannabinoind -1 receptor, its agonists cause a decrease m cyclic AMP formation and a decrease in 
calcium mobilization and chemical messenger release. A CB-1 recqptor mverse agonist causes increased 
cyclic AMP activity and an increase m cellular signalling. The term receptor "modulator" is meant to 
include all ligands of a particular receptor regardless of tiae functional consequences of its binding and 
includes agonists, inverse agonists, and antagonists. 

Radiolabeled cannabinoid-l receptor modulators, when labeled with the appropriate 
radionuclide, are potentially useful for diagnostic unaging, basic research, and radiotiierapeutic 
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appUcations. Spedficexainples of possible dkgnosticiinagmg and r^^ appUcations, 
iaclude detennumig the location, the relative activity and/or the abundance of cannabinoid-1 receptors, 
ladioinmnmoassay of cannalanoid-l receptor antagonists, agonists, and inverse agonists, and 
autoradiography to determine the distribution of cannabmdid-1 receptors in a mannnal or an organ or 

5 tissue sanple thereof. 

In particular, tiie instant radiolabeled cannabinoid-1 receptor antagonists when labeled with the 
positron emitting radionncUde, F-18, are useful for positron enrissiou tomographic (PET) imaging of 
camiabindd-l receptors m the brain of living humans and experimental animals. This radiolabeled 
camiabmoid-1 receptor antagonists may be used as research took to study the intaaction of unlabeled 
10 cannabinoid-1 antagonist with cannabinoid-1 receptors in vivo via competition between the labeled drug 
andtheradiolabeledcompoundforbindmgtofliereceptQr. This type of study is useful for determining 
flie relationship between camiabinoid-1 receptor occupancy and dose of unlabeled camiabinoid-1 
receptor modulator, as well as for studying flie duration of blockade of fl>e receptor by various doses of 
tiffiunlabeledcamiaWnQid-lrec^moduhitors. As a clinical tool, flie radiolabeled cannabmoid-1 
15 receptor modulators may be used to help define a clmicaJly efficacious dose of a cannaWnoid.-l receptor 
modulator. In annual experiments, flie radiolabeled cannabmoid-l receptxff antagonists can be used t^ 
provide mformation tiiat is useful for choosing between potential drug candidates for selection for 
cimical development The radiolabeled cannabmoid-1 receptor modulators may also be used to stody tiie 
regional distribution ami concentration of cannabinoid-1 receptors in tiie Hving human brain, as well as 
20 tiiebrainofUvrngexperimentalanimalsandintissuesamples. The radiolabeled camiabmoid-1 receptor 
modulators may also be used to study disease or pharm>acologicaUy related changes in camiabmoid-l 

receptor concentrations. 

For example, positron emission tomography (PET) tracer such as tiie present radiolabeled 
camiabinoid-1 receptor modulators which can be used wifli cmienfly available PET technology to obtain 
25 d^foUowinginformation: relationship between level of receptor occupancy by candidate camiabinoid-1 
nuKldators and clhucal efficacy in patients; dose selection for clinicd trials of camiabm^^^^ 
prior to initiation of long term cMcalstudfes; comparative potendes of strucmrany novel cannabm^^^^ 

antagonists, agonists, or mverse agonists; investigating tiie influence of camiabmoid-1 modulators on in 
vivo receptor affinity and density during tiie treatment of clinical targets with cannabinoid-1 receptor 

30 modulators and otiier agents; changes in tiie density and distribution of camiabinoid-1 receptors during 
e.g. psychiatric diseases orbehavicrial disorders intiieir active stages, during effective and ineffective 
treatment and during remission; and changes in cannabmoid-l receptor expression and distribution in 
CNS disorders (e.g. schizophrenia, cognitive dysfunctions, addictive behaviws. and eating disorders). 
For tiie use of tiie instant compounds as exploratory or diagnostic unagmg agraits tiie 

35 radiolabeled confounds may be admmistered to mammals, preferably humans, in a pharmaceutical 
con^Kjsition, eiflier alone or. preferably, in combination wifli pharmaceutically acceptable carriers or 
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dUuents, optionally with known adjuvants, such as alum, in a pharmaceutical con5)Osition, according to 
standard pharmaceutical practice. Such coii?>ositions can be adnamistered orally or paientetally, 
including the intravenous, intramuscular, intraperitoneal, subcutaneous, rectal and topical routes of 
admmistration. Preferably, administration is intravenous. 
5 Radiotracers labeled with short-lived, positron enntting radionuclides are ahnost always 

administered via mtravenoiis mjection within less than one hour of their synthesis. This is necessary 
because of the short half-life of the radionucUdes mvolved (20 and 110 minutes for C-11 and F-18 
respectively). 

The terms "administration of* and or "administering a" compound should be understood to mean 
10 providing a compound of the invention or aprodrug of a compound of the mvention to the individual to 
be imaged. 

Any suitable route of administration may be employed for providing a mamm a l , especially a 
human, with an effective dosage of a conqjound of the present invention. For examplQ, oral, rectal, 
topical, parenteral, ocular, puhnonary, nasal, and the lite may be employed. For imagmg, injection is 

15 preferred. ..... 

The pharmaceutical con^ositions of flie present mvention comprise a compound of Formula I as 
an active mgredient or a pharmaceutically acceptable salt tiiereof, and may also contain a 
pharmaceuticaBy acceptable carrier. By "pharmaceutically acceptable" it is meant the carrier, diluent or 
excipient must be can?>atible wifli the other ingredients of the formulation and not deleterious to tiie 

20 recipient thereof. In particular, tiie term '"pharmaceutically acceptable salte** refers to salts prepared from 
pharmaceutically acceptable non-toxic bases or acids including inorganic bases or acids and organic 
bases or acids. 

The compositions include compositions suitable for oral, rectal, topical, parenteral (including 
subcutaneous, intramuscular, and intravenous), ocular (ophthalmic), puhnonary (aerosol inhalation), or 
25 nasal administration, although the most suitable route in any given case will depend on the half life of flie 
compound and die type of imaging. They may be convenientiy presented in unit dosage form and 
prepared by any of the methods well-known in the art of pharmacy. 

In practical use, the con^jounds of Formula I can be combined as the active ingredimt in intimate 
admixture with a pharmaceutical carrier according to conventional pharmaceutical compounding 
30 techniques. The carrier may take a wide variety of forms dependmg on the form of preparation desired 
for admmistration, e.g., oral or parenteral (mcluding mtravenous). In preparing flie compositions for oral 
dosage form, any of the usual pharmaceutical ruedia may be employed. 

Among the suitable means of administration of the coiiq)Ounds of the present invention include 
injection, intravenous bolus or infusion, uitrapeiitoneal, subcutaneous, intramuscular and topical, witii or 
35 without occlusion. 
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mg/mL 


T^j^rtaWft Solution a.V.) 


concentration 


10 


Confound of Fonnula I 


0.01 mg/mL 


5.0 


TweenSO 


5 mg/mL 


0.5 


Ethanol 


SnL/mL 


9.0 


0.9% saline 


OS 


1.0 







Exeinplifying the inventioa is a pharmaceutical composition comprising any of the compounds 
descrftedaboveandaphannaceuticaUyacceptablecanier. Also exemplifying the invention is a 
pharmaceutical composition made by comhming any of the compomnls described above and a 
pharmaceutically acceptable carrier. An illuslration of the invention is a process for making a 
5 pharmaceuticalcompositionconqrismgcombininganyofthecon5,oundsdescnT^ 

pharmaceutically accqptable carrier. 

Tte f oUowing are exan^Ies of representative pharmaceutical dosage forms for the con5K>unds of 

Formula I: 

Jnj^ ^ahle Suspen sion Q-M.) 
10 Compound of Formula I 

Methylcellulose 

Tween 80 

Benzyl alcohol 

Benzalkonium chloride 
15 WatM for injection to a total vohmie of I mL 

The phannacealical compositions of this invention may be used in the form of a pharmaceutical 

preparation, for example, in soUd.senrisoUd or Hquidform, which contains one or more of the compound 

of the present mvention, as an active mgredient. in admixture with an organic or morganic earner or 
exdpient suitable for external, enteral or parenteral applications. The active ingredient may be 
20 compounded, for exaii5>le. with the usual non- toxic, pharmaceutically acceptable carriers for tablets, 
peUets. capsules, suppositories, solutions, emulsions, suspensions, and any other form suitable for use. 
The carriers which can be used are water, glucose, lactose, gum acada, gplatin. mamiitol. starch paste, 
magnesimn trisiUcate. talc, com starch, keratm. colloidal siHca. potato starch, urea and other earners 
suitable for use in manufacturing preparations, in solid. semisoUd, or liquid fonn.andmadditi^ 

25 auxiliary.stabilizing.thickeningandcoloringag.ntsandperiim^sma^ 

compound is faicluded in the pharmaceutical composition m an amount sufficient to 

effect upon the process or condition of the disease. 

Amhmnum dosage level for an mdabeledcamiabinoid-lreceptor modulator to be evaluated for 

dosage selection is about 1 mg per day, preferably about 5mg per day and especially about lOmg per day. 
30 A maximmn dosage level for the cannabinoid-l receptor modulator is about ISOOmg per day. preferably 

about lOOOmg per day and especiaUy about SOOmg per day. 

When a radiolabeled cannabinoid-l receptor modulator accordmg to this mvention is 

administered into a hmnan subject, the amount required for diagnostic imagmg will nonnally be 

detemrined by the piescribmg physician with the dosage generally varying according to the age. weight. 
35 andresponseoftheindividualpatient,asweUasthequantityofemisdonfemtheradiomicIide. 
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However, in most instances, an effective anjount wiU be the amount of compound sufficient to produce 
emissions in the range of from about 1-10 mQ. 

Ja one exen5>laiy application, administration occurs in an amount of radiolabded con^ond of 
between about 0.005 ng/kg of body weight to about 50 Hgflcg of body weight per day, preferably of 
5 between 0.02 jJigAcg of body wdght to about 3 jifi/kg of body weight Aparticular analytical dosage that 
comprises the instant composition inchides ftom about 0.5 jig to about 100 jig of a labeled cannabmoid-1 
receptor modulator. Preferably, the dosagp comprises from about 1 |ig to about 50 jig of a radiolabeled 
cannabinoid-1 receptor modulator. 

The following iUustrative procedure may be utilized when performing PET imaging studies on 
10 patients m the clinic. The subject undergoes a baseline scan as described below, after which, the subject 
is premedicated with unlabeled cannabinoid-1 receptor modulator (at doses 300, 100, or 30 mg/day) for 2 
weeks prior to the day of the foUow-up PET experiment and is fasted for at least 12 hours allowing water 
intake ad Ubitum. A 20 G two inch venous catheter is inserted into the contralateral uhiar vdn for 

radiotracer administration. 
15 The subject is positioned in the PET camera and a tracer dose (rf[150]H2pad3^^ 

catheter. The unage Aus obtained is used to msuie that the patient is positioned conectty to mchide the 
hram or other areas of interest Subsequently the [ISftj cannabinoid-l receptor moduLitor (<20 mQ) is 
admmisteied via i.v. cafheter. Within ten minutes of the aqection of radiotracer and at the end of the 
imaging session, 1 mL blood samples are obtiuned for determining the plasma concentratiOT of the 

20 clinical candidate. 

Rjr ^f^f^rninm^ the distribution of radiotracer, regions of interest (ROIs) are drawn on the 
reconstructed unage including, e.g. the brain and the central nervous system. These regions are used to 
graierate time activity curves obtamed ia the absence of receptor antagonist or m the presence of the 
clinical candidate to be evaluated at the various doses examined. Data are expressed as radioactivity per 

25 unit time per unit volume (nCi/cc/mCi injected dose). Inhibition curves are generated from the data 
obtained in a re^on of mterest obtamed starting at 70 mmutes post-ayection of radiotracer The ID50 

values are obtained by curve fitting tiie dose-rateTmhibition curves with equation i: 

B=Ao-Ao*]/(ID5o + I) + NS (i) 

where B is the %-Dose/g of radiotracer in tissues for each dose of cimical candidate, Aq is the 
30 specifically bound radiotracer in a tissue in the absence of a cannabinoid-1 receptor modulator , I is the 
injected dose of modulator, ID50 is the dose of conq>ound which inhibits 50% of specific radiotracer 

binding to a cannabmoid leceptor, and NS is tibe amount of non-specifically bond radiotracer. 
inicroPBT Canr ra Tmafring 

Two rats are anesthetized (ketamine/ace-promazine), positioned in the camera, and their taU 
35 veins canulated for ease of injection. One rat.is preinjected with an unlabeled cannabinoid-1 receptor 

modulator 30 mm. prior to mjection of radiotracer to demonstrate non-specific binding. 150 uCi/rat of an 
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I 8f labeled cannabmoid- 1 receptor modulator isinjectedviaitslailvdn,aiidthe calheteis flushed with 
severalniLs of nonml saline. Acquisition of inmgra is started as the radiotacer was injected^ Sixty.one 
nuauteiinages are acquired and Ihe rate are subsequently eoth^ ^S^^ 
of interest (ROIs) are drawn on the a summed iniagB which iiKludes the brain, then 
5 countratesmsubsequentimages. ROIs are defined to remain ftirly clear during the course of die study, 
and are assumed to be representative of die entire organ. Count-^ales are converted to %-dose/ROI^ 
dividing the count-wte m the ROI by that of the whole rat. wMch is then multipUed by 100. 
PET T mafrin p in R hftsiM Monkey: 

A fested Rhesus monkey (7 - 11 kg) is anesthetized withketamine LM. (10 mpk) and the 
10 monkeyisplacedinthePETcamexabed. LV. catheters are inserted into the saphenous and cephaUc 
veins. Subsequent anesthesia is maintained with Propofol using an induction dose is 5 mg/kg LV 
foUowed by an infusion at 0.4 mgflcg/min for the duration of tiie study. FoUowmg die initial induction 
with Propofol, die anhnal is intubated and placed on ventilated medical grade compressed air at 
approximately 100 cc/breatii, and 23 respirations per minute. A temperature probe, pulse oximeter, a^^ 
15 endtidalC02niDnitorarecomiected. Body temperature is maintained by placmgA^ animal on a K- 
module heating pad and placing anod«r pad on top and the animalis positioned inside^ 
supine, headfirst An aUquot of PET Bgand is injected IV witii emission imagmgbegining at die time 

of injection and contmuing for 2-3 hours. 

On^half mL samples of blood are taken for metaboUte correction and determination of 
20 radioactivitymplasmaandwholebloodat0.5,15.30.60,90,120,150,andl80nunutes. After2hours. 
a bolus of milabeled CB IR modulator under smdy is given over 5 minutes, followed by an infusion of 
additional unlabeled CBIR modulator for 2 hours. Stock solution = 0.8 mg/mL m 15% BTOH, 40% 
PEG400, 45% water. One mL plasma samples are taken for plasma drug concentration detenmnations at 
0 15. 30, 60, 90. 120, 150 and 180 minutes. One hour later, an aliquot of PET Ugand is injectedW and 
emission imaging begins at die time of mjection and continues for 2 hours. Occupancy is determined by 
comparing tracer binding in various regions of die brain after dosing with ti«CB-lRmvers^ 

tracer binding in the same regions of flie bram prior to dosmg wifli ttie CB 1 antagonist 
PKT Imaginp in Does 

Female beagle dogs weighmg 7.7 -14.6 kg (11.0 ± 2.3 kg) are fasted for at least 12 hours 
30 allowmg water intake ad UWtum. A 20 G two inch venous catheter is placed into the right front leg uhiar 
vem tiirou^ which anesthesia is mtroduced by sodimn pentobarbital 25 - 30 mg/kg in 3 - 4 mL and 
maintained widi additional pentobarbital at an average dose of 3 mg^. Another catiieter is inserted 
into the contralateral uhiar vein for radiotracer administration. 

Oxygen saturation of circulating blood is measured witii a pulse oximeter (Nellcor Jac, 
35 Hayward,CA)placedondietongueofaieanimal. CSrculatory volmne is mamtamed by intravenous 



25 
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infusion of isotonic saline. A 22 G cannula is insCTted into the anterior tibial or distal femoral artery for 
continuous pressure monitoring (Spacelabs™. model 90603A). EKG, heart rate, and core temperature 
are monitored continuously. In particular, EKG is observed for ST segment changes and arrhythmias. 

The animal is positioned in flie PET canaera and a tracer dose of [ISOjHaO admmistered via i.v. 
catheter. The unage thus obtained is used to insure that the dog is positioned coirectly to include die 
brain and other areas of interest Subsequently [18F|-cannabmoid-l receptor modulator (<20 mCi) is 
administered via i.v. catheter. Following the acquisition of the total radiotracer nnage, an infusion is 
begun of flie unlabeled cannabinoid-l receptor naodulator at one of diree dose rates (0. 1, 1 or 3 nq)k/day). 
After mfiision for 2.5 hrs, [18F|^annabinoid-l receptor modulator is again injected via tiie catiieter. 
Images are again acquired for up to 90 min. In one imagmg session, a dose of 10 mpk another 
cannabinoid-1 receptor modulator is infused over 5 minutes. This dose has been determined to 
coit?)letely block radiotracer binding and thus is used to determine tiie m a x imu m receptor-spedfic signal 
obtained wifli the PET radiotracer. At the conclusion of die study, animals are recovered and returned to 
animal housing. 

For uninhibited distribution of radiotracer, regions of mterest (ROIs) are-drasvn on the 
reconstructed imag^ including the brain. These regions are used to generate time activity curves obtamed 
in the absence of test compound or in tiie presence of test compound at die various infusion doses 
examined. Data are e^qpressed as radioactivity per unit time per unit volume (nCi/cc/mQ mjected dose). 
Inhibition curves are generated from the data obtained in a region of mterest obtained starting at 70 min. 
post-injection of radiotracer. By tins time, clearance of non-specific binding will have reached steady 
state. The ID50 are obtained by curve fitting the dose-rate/inhibition curves witii equation i, 

hereinabove. 

Abbreviations used in the following Schemes and Examples; 
Ac: acyUaqoraq.: aqueous; API-ES: atmospheric pressure ionization-electrospray (mass spectrum 
term); BOC or boc: tert-butoxycarbonyl;brine; saturated sodium chloride solution; Bu: butyl; DBU: 
l,8-diazabicyclo[5.4.0]undec-7-«ie;DEAD: dietiiyl azodicarboxylale; DDB AL-H: diisobutyl alummum 
hydride; DMA?: 4-dirxiethylaminopyridine; DMF: dimethylfonnamide; DMSO: dimethylsulfoxide; 
DSC: differential scanning calorimetryjEDC: l-efliyl-3-(3,3-dimetiiylaminopropyl)-carbodiimide 
hydrochloride; Et: etiiyUEtOAc: etiiyl acetate; g or gm: gram;horhn hours; Hex: hexane;HOAc: 
acetic acid; HOBT: l-hydroxybenzotriazole; HPLC: high pressure Hquidchroniatography;HPLC/MS: 
high pressure liquid chromatography/mass spectroscopy;m vacuo: rotoevaporation; ff AC or IPAc: 
isopropyl acetate; iPn isopropyl; KHMDS: potassium hexametiiyldisilazide;LC: Liquid 
chromatography; LC-MS or LCMS: Uquid chromatography-mass spectrum; LDA: litiiium diisopropyl 
amide; LHMDS: Lithium Hexametiiyl Disilylamide-LiN(SiMe3)2; M: molar. Me: metiiyl;mg: 
milligram; MHz: megahertz; min: minutes; mL: milliliter; mmol: millimole; MPLC: medium pressure 
liquid chromatography; MS or ms: mass spectrum; Ms: mesyl (methane sulfonyl); N: normal; 
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NaHMDS: sodium hfixamethyldisilazide; N/A: Not appUcable; NMR: nuclear magnetic resonance; 
PCys: tricyclohexyIphosophine;Pd2(dba)3: tris(dibenzylideneacetonB)dipalladium;Ph: phenyl; psi: 
pounds persquareinch;PyBOP: (beIlzotriazol-^yloxy)ttipym)Iidmophosphamumtexafluoro^ 
rtorRT: room temperature; R*: leteotion time; TEA: trifluoroaceticacid;THF: tetrahydiofuran; TLC: 
5 thinlayerdiromatography;uUul.MLorMl: microliter, UV: ultra-violet; XRPD: X-raypowder 
diEEraction pattern. 

Cannabinoid-1 receptor modulator which mcorporate a radionucUde may be prepared by first 
syntiiesizing an unlabeled compound that optionally incorporates a iodo or bromo moiety and then 
exchanging a hydrogen or halogen moiety with an appropriate radionucUde using techniques well known 
10 intheart. Alternately, a radiolabeled camiabmoid-l receptor modulator may be prepared by alkylation 
witii a radiolabeled alkylating agent. Syntheses of labeled and unlabeled camiabmoid-1 receptor 

modulators are described below. 

During any of the above synflietic sequaices it may be necessary and/or deaiable to protect 
sensitiveorreactivegroupsonanyofthemoleculesconcemed. This may be achieved by means of 
15 conventionalptotectinggroups.sucha8fliosedescnT)edinFrotertiv«^ 

J J.W. McOnne, Henmn Press. 1973; and T.W. Greene and P.GM. Wuts, Protective Grovps in Organic 
Synthesis, John Wiley & Sons. 1991. The protecting groups may be removed at a canvenient subsequent 
stage usnig methods known from the art. 

In particular, ammo moieties may be protected by, for example, tiie formation of alkoxycarbonyl 
20 derivatives, e.g. tert-butoxycarbonyl and trichloroethoxycarbonyl, or benzyl, trityl or benzyloxycarbonyl 
derivatives. Subsequent removal of the protecting group is achieved by conventional procedures thus, for 
example, a ferf-butoxycarbonyl group may be reomoved by hydrogen chloride gas in a solvent such as 
efliyl acetae or dioxane; benzyl or benzyloxycarbonyl groups may be removed by hydrogenolysis in tiie 
presence of a catalyst e.g. palladium^ a ttichloroeaioxycaibonyl group may be removed witii zmc dust; 
25 and a trUyl group may be removed under acidic conditions usmg standard procednres. 

Where hydroxyl groups require protection, tins may be effected by flie formation of esters or 
tiia]kylsilyl, telrahydropyran or benzyl ethers. Such derivatives may be deptotected by standard 
procedmss thus, for example, a tetrahydropyran etiier derivative may be deprotected using hydrochloric 
acid in methanol. 

30 hi some cases tiie order of carrying out tiie foUowing reaction schemes may be varied to facilitate 

flie reaction or to avoid unwanted reaction products. 

Compounds of tiie present invention may be prepared by procedures illustrated in die 

accompanying schemes. 
Scheme 1. 

35 
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O 

R3'""0H 

1 



EDC.HOBT.DMSO ^ 
PyricBne, DMAP, CHCI3. 
4h at 20-25°C then 16hr at 



"X 



In Scheme 1, an appropriately substituted anime A is reacted with a carboxylic acid B under 
standard amide bond fornung conditions to afford the arylamide C. 

In order to illustrate the invention, the following examples are included. These exaiiq)les do not 
limit the mvention. They are only meant to suggest a method of reducing the invention to practice. 
Those skilled in the art may find other methods of practicing the invention which are readily apparent to 
them. However, those methods are also deemed to bfe within the scope of this mvention. 
Scheme 2. 



CLBr-Ar^ 



f Boc^O f 



PCys, Pd2(dba)3. 
KOAc, dfoxane. 95°C 
16-18 hr 



6 s 



Oxone 
NaHCQ3.NaOH, 
acetone/THF 
0°C,1-2hr 



O E O 



HCl Ai2^J^..,Boc 
NH2 BOAc, dioxane 



EDC, pyr wy^^ - 
AcCN B 



f 



[I^Cl-CHgl 

CS2CO3, DMF 
100PC,4min 



[^8F]-FCH2Br 
CS2CO3, DMF 
100°C.4min 



R2 O 




[^^FI-FCHgCHaBr 
CsgCOg. DMF 
100°C. 5 min 



R2 O 



"T^B^-' "l^s-^"' "T^s^"' 

["Cl-CHs-O-Ar^ l«F]-FCH2-0-Arl r^Fl-FCHaCHa-O-Ar 



In Scheme 2, a halo-substituted aryl amme A is treated with an appropriate amine protectmg 
reagent (eg., Boc anhydride) to afford N-Boc-amine B. The halide in B is reacted in the presence of a 
suitable palladium catalyst, phosphme, and base with bis(pinacolato)diboron to afford aryl-boronate C. 
The boronate C is oxidized with a persulfate reagent (Oxone) in acetone to yield phenol D. The N-Boc 
group in D is removed m the presence of acid to yield amine E which is cotq)led with acid £ to afford 
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phenolic amide G. The phenol mS is all^lated in the presence of base with an appropnate 
radionucleide-containingreagent. such as [llq-melhyl iodide. [18Fl-flnoron,ethylbronnde. or [ISPl- 
fluoroethylbromide. to afford ethers H, L ori tespectivdy. 
Schemes. 



10 



BocaO CI, Br, 



PCya, Pd2(dba)3. 
KOAc, dioxBne, 95°C 
16-18 hr 



•All 



f 



Boc 



AcCN 



Oxone 
NaHCOa. NaOH. 
acetoneTTHF 
0°C,1-2hr 

HCI "O^-Ai^Aw-'Boc 
EtOAc.dioxane y^^H 



CS2CO3. DMF 
100°C,4min 



pSpi-FCHaBr 
CS2CO3, DMF 
100°C,4mln 




[i8Fl-FCH2CH2Br 
CS2CO3. DMF 
100°C.5min 



H - 

likewise, in Schen^ 3. a halo-substituted aryl anrine 4 is treated with an appropriate anrine 
protectingreagent(eg.,Bc«anhydxide)toaffordN-Boc-an«neB. mhaUdem Bis reacted in^^ 
presence ofasnitablepalladiun.catalyst,phosphine.andbasewithbisC^^ 
boronateC.Theboronate£iso«di«dwi1hapersulfatereag.nt(Oxone)inaceto^ 
TheN-Boc group inSisremovedrnthepresence of add toyieldamineEwMchis coupled with aci^ 

to affordphenoUcanudeG. The phenol inGisall^kted in the presence of base with an appropn^ 
radionucleide^ntaunng reagent, such as [Hqi-methyl iodide. [18F]-fluoron.thylbronnde. or [ISp]- 
fluoroethylbromide. to afford ethers H. I, or I respectively. 
Scheme 4. 
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f B 0 r2 o 

AcCN 



I^^CI-CHal X [^^FJ-FCHzBr 
CazCOa, DMF CSgCOa, DMF 

10CW,4m!n / 1000C.4niih 



CS2CO3. DMF 
v100^,5m1n 



^-'-NC^fj-^alkyW^O-flqCH, '^^H'^^-Ar-orFlCHEF *^-J^H'^a.KyM>Ar<H'«F]<>feCH^ 



Alternatively, as shown in Schen» 4, amine A is acylated with an aromatic carboxylic acid B 
that contains a hydroxyl group to fonn amide C. The aromatic alcohol m C is alkylated in the presence 
of base with an apiMxipriate radionucleide-contMning reagrait, such as [Hq-methyl iodide, [18F]- 
fluoromethylhtomide, or [18F]-fluoroethylbramide. to aflFord ethers D, E, or F, respectively. 
Schemes. 

Zn(CN)2, 

Pd2(clba)3. 2 
O 1.1'-(PhaP)2-ferrocene « 1 h 

Ar2-v.A..A^3 DMF.H2O '^^-^n'"^r3 



l,Br-Ar' ^ ^^Cl-NC-Ar^ D 



O Zn(CN)2, „ n 'f ? 

hoiH i.r-(Ph2P)2*rrooene J H 

Ar^-^ . DMF.HzO Ar^^ ^ 



Zn(CN)2. 2 o 

J. 1 ? Pd2(dba)3. AK^ JL A 

'^'^Nf^N'N.ikvUVAr^ri 1,r-(Ph2P)2-ferrocene '^>^N'%tt 



i-Ar-BrI lil^PhgPfe-ferrocene '^N(^N^alkyl-0-Ar-[^^C]-CN 
* DMF.HiO , J H 



As outlined in Scheme 5, halogen-containing amides A, B, or C are treated with [HQ-cyanide, 
tris(dibenzyUdene acetone)dipalladimn chloroform complex, l,r-bis(diphenylphosphino)feiroceEe in 
10 aqueous DMF to afford the [1 iQ-aryhiitriles a 1, or F, respectively. 

The following examples are provided for the purpose of further illustration only and are not 
mtended to be limitations on the disclosed invention. 
Gene ^ Procedures. 
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TheLCMS analyses were panned using a MICR0MASS2MD mass spectnanetercoopledto 
anAGII^NT 1100 Series HPLCutilizingaYMCODS-A 4.6x50 nimcolmnael^ 
withasolventgradientoflOto95%Bover4.5nm.foUowedby0^n»nat95%B: solveatA = 0^% 
TFAiuwater solvents = 0.05% TFA in acetonitrile. iH-NMR spectra were obtained on a 500 MHz 
5 v^t^l,eterinCDa3ora)30Dasindicatedandcl.M^^ 
solvent peak as tef oence and conpling constants are reported in hertz (Hz). 

REFERENCE EXAMPLE 1 
j[-lRF]fl.^iMwmnn,^tliatie and rlSFIflnorohromomethane^?, 
10 step A r,.Ai^»^\iA^. production (rlSpfflu^del 



18F- was obtained via the nuclear reaction 1 80(pai) 18F. Ms was achieved by bon*ardmg a 
sUvertarget containing 18o enriched water with accelerated protons (11 MeV). A Cyclotron (Sienu^ 
RDSlllcyclotion)andsysten^fortheproductionofprin«rylabenedprecnr^ 
radionuclideproduction. The [ISPT was placed on an anion e«:hange resin for transportahon to the 

15 radiochennstry laboratories. 

StepB Pf.^ova1 nf water from 18g 

Tie [ISFIF lesin was etated with 1.5 xnL of a solution of 80:20 MeCN:potassium oxalate (aq) 
Tbepotassiioxalate solution wasn.debycon^0.05n^ of (200nagK2C2O4«rngK2C^^ 

H20) + 0 25inL H20 + 1.2 mL MeCN. This aqueous [18F]F solution was treated with 0.2 mL 
20 Kryptofa222(36mg/xnLMeCN). Il.e solvent was removed under vacuun^eat/argm flow an^^^^ 

[18F]-KF was further dried by 3 azeotropic distillations wifl> acetonitrile (around 3x0.7 M) at 95-115 C 
This dryingprocess nmy alsobedone using microwave heating under argon flow 
StepC c^^tK^ci. nf rl8Fmur-v^rno^iV.«ne or rl8Flfliif>Tobn>p.OTnethaxM?. 

The labellmg precursor [ISFJFCHzBr (or [18F]FCD2Br) was synthesi2ed ftom dibromomethane 
25 ordibromornelhane-d2viaanucieophiHcsubstitationreaction.nsingaphaset^^^ 

2 2 2) The residue obtamed after removal of the target water was treated with a solution of CH2Br2 (or 
CD2BI2) (0.05mL)inMeCN (ImDand the reaction was heated to 95°C. An argon stream was used to 

distiUthe[18lTFCH2Br(or[18iqrcD2Pt)intoavessel containing the precm^^ 



30 



REFERENCE EXAMPLE 2 

9-f 1 SFIfluoroHifiTTioethane 

The residue obtained after drying of the [18F]-KF was treated with a solution of 
. bromoethyltriflate (5 pL) in 1.2-dichlorobenzene (0.7mL) ^ heated at 1 IS^C under an ^on s^ 
The [1 8nFCH2CH2Br prodnced was distilled out of die reaction apparatus mto the solution contammg 

35 the precursor to be alkylated. 

REFERENCE EXAMPLE 3 
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rll Cliodomethane 

[1 ICICO2 was produced using a Siemais RDS-1 1 1 cyclotron. An N-14 gas target 
containing 5% oxygen is irradiated with an 11 MeV proton beam g^erating [1 lqC02. The [1 ICICO2 
was trapped at room temperature inside 1/8" o. A copper tubing packed with carbosphere, isolated from 
5 the atmosphere by switching a four-port, two-way valve, and set inside a lead container. The [1 ICICO2 
was transported to the radiochemistry laboratory and converted to [HCIMel usu^ a GE Medical 
Systems PETtrace Mel WBcrolab. 

REFERENC3S EXAMPLE 4 
iSKl& 2S)-[3-(4-Chlorophenyl)-2-<3-cyanophenylH-methylpropyl]amm 

10 hydrochloride 

Step A 3-f4^oiophenvlV2-(3-bromophenvDpropanoic ac id. (SVmethv1hen?:v1aTnine Salt 

To a solution of 3-bromophenylacetic acid (3.3 kg, 15 mol) andp-chlorobenzyl chloride (2.6 kg, 16 mol) 
in 6.5 L of THF at -28°C was added lithium bis(trimethylsilyl)amide (1 M in tetrahydrofuran, 31 L, 31 
mol). The reaction mixture was aged at 0°C for 2 h, and was then quenched with 2.5 N HQ (1 8 L). The 

15 organic layer was washed with water (8 L), concentrated on aiotary evaporator, and the residue was 
dUuted with 10 L of toluene. (S)-methylbenzylamine was then added, and the precipitate was collected 
by filtration and dried under a nitrogen current for 12 h to give the salt of the racemic acid. 
Recry stallization from methanol provided the title conopound. 
StepB 4-f443ilorophenvlV3-f3-bromoDhenvlV 2-butanone 

20 To 3-(4-chlarophenyl)-2-(3-bromophBnyl)prqpanoic acid, (S)-methylbenzylamme salt (2.2 kg, 4,7 mol) in 
toluene (39 L) and water (38 L) was added 5 N HQ (1.5 L). After stirring for 30 min, die organic layer 
was separated and concentrated to 20 L, and was added NJN-dimetiiylformamide (16 ml) and oxalyl 
chloride (0.49 L, 5.6 mol) over 1 h. After stirring for 30 min, the resulting crude acyl chloride was 
slowly transferred into a mixture of water (13 L), potassium carbonate (2.6 kg, 19 mol) and N-methoxy- 

25 N-methylamine hydrochloride (0.69 kg, 7. 1 mol). After stirring for 30 min, tiie reaction was diluted witii 
water (12 L), and the organic layer was separated, dried over sodium sulfate and concentrated to an oil, 
which was used without further purification. To the ofl thus obtamed in toluene (16 L) and 
tetrahydrofuran (5 L) at 10 was added methylmagnesium chloride (3 M in tetrahydrofuran, 2.0 L, 6.0 
mol) over 1 h. After stirring for 3 0 min, ttie reaction was quenched by addition of 47 L of 20% aqueous 

30 ammonium chloride until the pH reached 7.5. The organic layer was sqparated, washed with water (16 
L), dried over sodium sulfate and concmtrated to give the titie compound as an oU. NMR (500 MHz, 
CD3OD): 5 7.40 (d, IH), 7.36 (s, IH), 7.28-7.10 (m, 4H). 7.04 (d, 2H), 4.06 (dd, IH), 3.28 (dd, IH), 2.84 

(dd,lH), 2.03 (s,3H). 

StepC 4-f4>CMorophenvlV3-f3-brQmophe^ Y^)-^-1^"^^TiQl 
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To a solution of 4K4K:Morophenyl>H3-bn)iiiophenyl>2-butaiione (U5 kg, 4.6 mol) in 
tetrahydrofuran (8.4 L) at -«) 'C was added I^selectride (1.0 M in tetrahydrofuran, 5.3 L. 5.3 mol). and 
thereactionnMtmewasanowedtoslowlywamiqitoKxjmteniperat^ ThenixHire was 

cooled back to CC, and was qnrachedby slow addition of acetone, aqueous sodium hydroxide (2.5 N, 
5 8.5 L, 21 mol) and 30% hydrogen peroxide (2.1 L. 21 mol). After stirring at room temperature for 13 h. 
the reaction nrixture was diluted with toluene (30 L). The organic layer was separated, washed with 
water (2x12 L), and concentrated to give the title compound as an oil. NMR (500 MHz, CD3OD): 5 
7.40 (s, IH). 7.30 (d. IH), 7.28-7.10 (m. 4H). 7.04 (d. 2H), 3.98 (m, IH), 3.12 (dd. IH). 2.90 (dd, IH). 
2.80 (m,lH), 1.08 (d,3H). 
10 StepD /UA-ni1oroDh(^ vn-3-r3-cvanonhenvlV2-batanol 

To a solution of 4-(4Hchlorophenyl)-3-(3-hromophenyl)-2-butanDl (1.5 kg, 4.6 mol) m 
dimethylformamide/water (volume ratio 99: 1, 15 L total) was added zmc cyanide (0.39 kg, 3.3 mol). 
l,r-bis(diphenylphosphmo)fe«ocene (115 g, 0.21 mol) and tris(diben2ylideneacet0ne)dipa]ladimn (76 g, 
a08 mol). The reaction mixture was stirred and degassed at room temperature for 1 h. and heated at 
15 115°C for 6 h before cooling to room temperature. Tributylphosphme (46 mL, 0.17 mol) was then 

added. AfterstirringfQrlh,thereactionwasquenchedwithaqueousammonia(1.56L). After stirring 
fbrlh, the mixture was filtered throng solkailoc. and the cake was washed with isopropylaceto^^ 
filtrate was washed with water (5 L), and the aqueous layer was extracted with isopropyl acetate (4 L). 
UK organic layers were combmed, washed with water (10 L x 2) and concentrated to give the title 
20 compound, which was used for the ensuing reaction after azeotroping with toluene. 
StepE /l-(4-nh1nroDhePYlV3-f3-cvanop H'^'iYl^-:?niethvlsulfonvloxvbutane 

To a solution of 4-(4K:hlorophenyl)-3-(3-cyaaophenyl)-2-butanol (1.0 kg. 3.5 mol) in toluene (10 
L) at 0°C was added triethylamine (684 mL, 4.9 mol) and methanesulfonyl chloride (353 mL, 4.6 mol). 
After stirring for 5 min, the reaction nrixtme was filtered, and the precipitate was washed with toluene (8 
25 L). Thefiltrate was washed with sodium bicarbonate (6 L, 50% saturated aqueous solution) and water (3 
L), and concentrated to ^ve the title confound. 

Stgpp A.rA-rhtoroDt r"Y''>-'^-^^-g^n"P^™^^^'^^^°^^ 

To a solution of 4<4-chlorophenyl)-3-(3-cyanophenyl)-2 methylsulfonyloxybutane (1.1 kg, 2.9 

mol) in NO^l-dimethylfonnamide (4.1 L) was added sodium azide (378 g, 5.8 mol). and the reaction was 

30 hbated at 70»C for 7 h. After cooling to room temperature, the reaction mixture was diluted wifli 

isopropyl acetate (11 L) and was washed with sodium bicarbonate (50% saturated aqueous solution) and 

water (5.5 L). The organic layer was separated and treated with Darco KB (254 g) ovemighL lbs 

mixture was filtered over solka floe, washed with toluene and concentrated. The residue was diluted 

with toluene (1 L) and was loaded onto a silica gel pad. which was eluted with 90:10 hexane/ethyl 

35 acetate to gjve the title conq)ound. 

StepG A/-/ 1 .? 2.y^.r3-f4^ 1oTo phenvlV2- ^^-<^vanQDhenvlV1 -mftthYlpropyHamine 
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To a solution of 4-(4-cWorophenyl>3-(3-cyanophenyl)-2-azidobutaiie (650 g, 2.1 mol) in 
isopropyl acetate (3.3 L) was added Lindlar's catalyst (130 g). and the mixture was hydrogpnated at 40 
psi at 45 "C for 24 h and at room ten?)eiatare for anther 48 h. The reaction nuxture was filtered over 
solka floe, and the cake was washed thoroui^y with isopropyl acetate. The filtrate was partiafly 

5 concenlrated to approximately 6 L, and was added hydrogen chloride in isopropyl acetate (5-6 N) whfle 
maintaining the reaction temperature at 18-25''C After aging overnight, the precijatate was collected by 
filtration and washed twice with isopropyl acetate (1 L x 2). The precipitate was suspended in isopropyl 
acetate (5.8 L) and was added aqueous potassium carbonate (1 M, 3.5 L). After stirring for 20 min. tiie 
organic laya was separated and concentrated to an ofl, which was purified by preparative HPLC eluting 

10 on a Chiralpak AD column witii heptane/eflianoydieaiylamine (70/30/0.1; flow rate: 700 mL/min) to give 
the title compound. 

The free amine thus obtained can be used directly or can be converted to the corresponding 
hydrochloride salt by treatment wifli hydrogen chloride in dioxane (4 N). LC-MS: m/B285(M + H)* 

(2.2 min). 

15 REFERENCE EXAMPLE 5 . . . . . 

iV-[2-(3-Bromo-5-fluorophenyl>3<4-cUQrophenyl)-l-methylpropyl]animehydrocWoride(D 

^ . ^ 

Step A rVBromo-S-c^ lnrnpbgnvlWetone 

A mixture of 3,5-dibtQmDflu<wobenzene (50 g, 0.20 mol), isopropenyl acetate (22 mL, 0.20 
20 mmol), tris(diben2ylideneacetQne)dipa]ladium(1.8 g, ZOmmol) and 1,1'- 

bis(diphenylphosphmo)ferrocene (4.4 g. 8.0 mmol) in 100 mL of toluene was heated at 100°C under 
nitrogen for 2 h. The reaction mixture was cooled to room temperature and loaded onto a silica gel 
column, which was duted with 0 to 40% etiiyl acetate in hexane to afford the titie coii?>ound. 
1h NMR (500 MHz, CD3OD): 5 7.23 (d, IH), 7.22 (s, IH), 6.96 (d, IH), 3.81 (s, 2H), 2.20 (s. 3H). 
25 StepB 3-('3-Bronio-5-cblorophenvlV4-f4-cblo rophenvlV2-butanone 

To a vigorously stirred solution of (3-brQmD-5-chlorophenyl)acetone (4.0 g, 17 mmol) and 4- 
chlorobenzyl chloride (2.2 g, 14 mmol) m 60 mL of acetonitrile at QPC was added cesium carbonate ( 1 1 
g, 35 mmol), and the reaction was allowed to warm to room tenq>erate overnight The reaction mixture 
was partitioned between ethyl acetate (200 mL) and saturated aqueous ammonium chloride (200 mL). 
30 The organic layer was separated, dried over anhydrous sodium sulfate, filtered, and concentrated to 
dryness to afford the titie conqwund. Ir NMR (500 MHz, CD3OD): 57.21 (s, IH), 7.19 (d,2H), 7.04 

(d, 2H), 6.97 (d, IH), 6.87 (d, IH), 4.16 (dd, IH), 3.25 (dd, IH), 2.86 (dd, IH). 2.03 (s, 3H). 
Stq>C 2-Azido-3-f3-hromo-S-flnom phepvl')-4-(4-chlnrnphenvnbutane 

The tide compound was prepared from3-(3-bromo-5-fluorophenyl)-4-(4-cblorophenyl)-2- 
35 butanone following tiie procedures described in Reference BTiaxaple 4, Step C, E and F. 
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iH NMR (500 MHz, CD3OD): 5 7.18 (s, IH). 7.18 (d, IH), 7.16 (d, 2H), 6.98 (d. 2H). 6.93 (d. IH), 3.80 

(m, IH), 3.33 (m, IH), 2.92-2.80 (m, 2H), 1.98 (d, 3H). 
StepD 2^N.tert-B\s!tOT -^'^<^r^rmy^)^mm n.^-(^AJrcm ^ 

To a solution of 2-azido-3-(3-broiii(>-5-fluoropheQyl)-4-(4-cMorophenyl)bu^ (2.6 g, 7.1 mmol) 
5 in ethyl acetate (20 mL) was added di(tert-bntyl)dicarbonate (2.0 g. 9.2 mmol) and platinnm dioride 
(0.26 g). The mixture was de^sed and changed with hydrogen with a baDoon. After stirring for 1 day, 
the reaction mixtuie was filtered through CELITE diatomaceous earth, and the filtrate was concentrated 
to give the crude product 1hNMR(500 MHz, CD3OD): 87.13 {d,2H).7.12(d, IH), 7.05 (s, IH), 6.95 
(d, 2H). 6.83 (d, IH). 3.82 (m. IH). 3.18 (dd, IH), 2.87 (m, IH), 2.77 (dd, IH), 1.45 (s, 9H), 0.97 (d, 3H). 
10 St^E A^-[2-(3-BronK)-5-fluorophenyl)-3-(4-Chlorophenyl)-l-methylpropyl]amine 

hydrochloride (Diaste rRnTnBr nS . 

To a solution of 2-(Ar-fert-butoxycarbonyl)amino-3-(3-hronio-5-fluorophenyl)-4-(4- 
chlorophenyl)butane m of ethyl acetate was added hydrogen chloride m dioxane (4 M). After stirring at 
room temperature for 30 min, the mixture was concentrated to dryness to give the title compound. LC- 
15 MS:m/e356(M + H)''(2.9min). 

REFERENCE EXAMPLE 6 
^-t3<4-CMQIopheayl)-2-(3-cyano-5-flnotophenyl)-l-methy^m)pyllammeil^ 

a) . 

Step A 2-W-te?t-ButoxvcarbonvnaniiTifv^-f3-cvan n-5-fluoroDhenvl)-4-(4H:hlorophenvl)butane 

20 The tide conqjound was prepared from 2-(iV-fe/t-butoxycarbonyl)amino-3-(3-broma-5- 

fluorophenyl)-4-(4-cMorophenyl)butane (Reference Example 5, Step D) following the procedure 
described for Reference Example 4, StepD. 1hNMR(500MHz,CD3OD): 87.32(d, IH). 7.28 (s. IH), 
7.21 (br d, IH), 7.12 (d, 2H), 6.96 (d. 2H), 3.87 (in, IH). 3.19 (dd, IH), 3.04 (m, IH), 2.83 (dd, IH), 1.46 
(s.9H),0.98(d,3H). 

25 StepB Ar-[3-(4.CM«ophBnyl>2-(3-cyano-5-fluorophenyl>l-inethylpropyl]aminehydrocWori& 

rPiastereomg: g) . ^ 

To a solution of 2-(A^rert-butoxycarbonyl)amino-4-(4-chlorophenyl)-3-phenylbutane (1.2 g, 3.0 

mmol) m 4 niL of efliyl acetate was added hydrogem chloride in dioxane (4 M, 2 mL. 8 mmol). After 

stirring at room temperature for 30 min. the mixture was concentrated to dryness to give tiie titie 

30 conqwund. LC-MS: m/e 303 (M + H)* (2.3 mm). 

REFERENCE EXAMPLE 7 
Ar-[a-n-CvanoDhenv1V3-^4-meflioxvphenvlVl-iP ^>'YlrT»pYn""'''"'^ hydrochloride fPiastCTeomer a) 
Stq>A 3-CvanophenvlacetoDS 
35 The titie compound was prepared following the procedure described in Reference Example 5, 

Step A substituting 3,5-dihromDfluorobenzene with 3-broniDbenzonitrile and 1,1'- 
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bis(diphenylphosphino)ferrt)cene with 2Kdic7clohexylphosphmo>2'-(NJ^-^thylainiiio)biphenyl at 
Step A. iH NMR (500 MHz. CD3OD): 5 7.6 (m. IH). 7.56 (br s. IH). 7.50-7.48 (m, 2H). 3.88 (s, 2H), 

2.21 (s,3H). 

Step B ^L[2.(3-Cyanoph^myl)-3-(4-MethoxyplJeuylH-^Kthylpropyl]all^^ 

miastereomer a) — 

The title compound was prepared foUowing the procedures described for Refeeace Exanq>le 5, 
Step B to E substituting 3-bronK>-5-chlorophenyl)acetone with 3-cyanophenylacetone and 4- 
chlorobenzyl cMoride with4-niethoxybenzyl chloride at StepB. LC-MS: m/e 281 (M + H)* (3.2 min). 



10 



REFERENCE EXAMPLE 8 
.S ^<n-r2-f3-r> fliio phenvlV3 -(4-hvdroxvDhenYlVl-*nfithvlprnnvnaT^ hydrocMoride 

To a solution of iV-(lS. 2S>[3<4<hlorophenyl)-2-(3-cyanophenyl>l-njethylpiopyl]ainme 
15 (Reference Example 4, 5.3 g, 19 mmol) in dicWoromethane (50 mL) at 0°C was added di(fert- 

butyI)dicaibonate (4.9 g. 22 mol) and diisopropylethylamine (4.3 mL, 24 mmol). After stirring at ibom 
temperature overnight, the reaction mixture was diluted with ethyl acetate (200 mL), washed with water 
(200 mLx2) and brine and concentrated. The residue was purified by flash column chromatography on 
siUca gel eluting with 0 to 25% ethyl acetate in hexane to give the title compound. NMR (500 MHz, 
20 CD3OD): 5 7.52 (m. 1 H). 7.45-7.36 (m. 3H). 7.11 (d, 2H), 6.93 (d, 2H). 3.90 (m, IH), 3.22 (dd, IH). 
2.98 (m, IH). 2.82 (dd. IH). 1.48 (s, 9H), 0.95 (d, 3H). 

StepB r^S■3.S^-2-(^^-f^^f-Rlltoxvca^^ "T1Y^)«1l^inn-3 -(^-cvaTlODhenvn-4-(4-hvd^oxyphenYn 

To a mixture of (25, 3,S0-2-(JV-tert-butaxycarbonyl)amino-3-(3-cyanophenyl)-4-(4- 
chlorophenyDbutane (2.0 g, 5.2 mmol), bis(pinacolato)dfl)oron (2.1 g, 8.4 mmol). potassium acetate (1.3 
25 g. 13 mmol) and tricyclohexylphosphine (0.18 g. 0.63 mmol) under nitrogen was added anhydrous 
dioxane (20 mL), and tris(dibenzylideneacetone)dipaIladium (0.24 g, 0.26 mmol) After flushing with 
nitrogen for 20 mm, was added. The reaction was stirred at room temperature for 30 min and was then 
heated at 95»C ovetnighL The reaction mixture was cooled to room temperature and partitioned between 
saturated sodium bicarbonate (100 mL) and efliyl acetate (100 mL). The organic layer was separated, 
30 washed with water and brine and concentrated to dryness. The residue was purified by flash column 

chromatography on silica gel eluting with 0-30% ethyl aceUte in hexane to give the boronic ester (2.5 g). 
The boronic ester was then dissolved in acetone (25 mL) and tetrahydrofiiran (25 mL), cooled with an 
ethanol/ice bath, and was addded water (25 mL) and sodium hydroxide (0.32 g 7.9 mmol)), sodium 
bicarbonate (3.5 g, 42 mmol). Oxone (3.2 g, 5.2 mmol) in 25 mL of water was added over 0.5 h, while 
35 keeping the reaction mixture below S^C. After stirring at 0°C for 10 min, the reaction was quenched by 
the addition of sodium Irisulfite (2.2 g, 21 mmol). The reaction mixture was stirred for 15 mm. and was 
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partitioned between water (200 mL) and methyl tert-bntyl etho' (100 mL) and heptane (lOOmL). The 
organic layer was separated, washed with water (200 mL) and brine and cmcentrated to dryness to give 
the title con?K)uni NMR (500 MHz, CD3OD): 5 7.50 (m. 1 H), 7.38 (m, 3H), 6.75 (d, 2H). 6.56 (d. 
ZH), 3.88 (m, IH). 3.14 (dd, IH). 2.93 (m, IH), 2.73 (dd. IH), 1.48 (s, 9H), 0.94 (d, 3H). 
5 StepC N-ilS, 25)-[2-(34::yanopheayl>3-(4-hydroxyphenyl>l-methy^>ro^^ 

hydrochloride _^ 

The title conq)oimd was prepared firom (25, 3S)-2-(//-ierf-butoxycarbonyl)amino-3-(3- 
cyanophenyl>4-(44iydroxypheayl)butane following the procedure described in Reference Exanyle 5, 
StepE. LC-MS: m/e267 (M + H)^(2.1 min). 

10 

REFERENCE EXAMPLE 9 

Af-n.S:, ^SVf 2-(34:yanophenvlV344>-f2-fluaroethoxv^DheD vl1-l-methv1^ hydrochloride 

Step A (25, 3S>2-(Ar-fert-Butoxycaibonyl)amino-3<3-cyanDphenyl)-4-t4-(2- 

fliiroethvoxy'^phenynbutane 

15 To a solution of (25, 35)-2-(iV-/erf-butoxycarb^^ 

hydroxyphenyl)butane (Reference Example 8, 0.97 g, 2.7 mmol) in 20 mL of dimethylformamide was 
added cesium carbonate (1.3 g, 4.0 mmol) and 2-fluoroethyl methanesulfonate (0.75 g, 5.3 nomol). After 
stining at 65°C for 1 h, the reaction was cooled to room temperature, diluted with ether (200 mL), 
washed with water (200 mLx2) and brine and concentrated. The residue was purified by flash column 

20 chromatography on siKca gel eluting with 0 to 40% ethyl acetate in hexane to giye the title compound. 
IhNMR (500 MHz. CD3OD): 5 7.50 (m, 1 H). 7.39 (m. 3H), 6.87 (d, 2EI), 6.79 (br d, IH), 6.71 (d, 2H), 
4.70 (m, IH). 4.60 (m. IH). 4.12 (m. IH). 4.08 (m. IH). 3.90 (m, IH). 3.18 (dd. IH), 2.95 (m. IH). 2.78 
(dd, IH). 1.48 (s. 9H). 0.95(d. 3H). 

Step B iV-(lS, 25)-{2K3<:yanqphenyl>344-(2-fluQroethoxy)phenyl]4-methylpro^^ 

25 hydrochloride , _ 

The tide compound was prepared l&rom 2-(iV-tert-butoxycarbonyl)aniino-3-(3-cyanophenyl>4-[4- 
(2-fluroethyoxy)phenyl]butane following the procedure described in Reference Example 5, Step E. LC- 
MS: m/e313 0tf + H)'"(2.4min). 

30 REFERENCE EXAMPLE 10 

jy.[2-(3-Cyano-5-fluorophenyl)-3<4-hydroxyphenyl)4-methylpropyl]amine hydrochloride fPiastereomei 

a) . 

The title conqwund was prepared ftom 2-(iV-teit-butoxycarbonyl)amino-3-(3-cyano-5- 

fluorophenyl)-4-(4-chlorophenyl)butane (Reference Bxample 6, Step A) following the procedure 

35 described m Reference Example 8, Steps B and C. LC-MS: m/e 285 (M + H)*" (2.0 mm). 
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REFERENCE EXAMPLE 1 1 
^-Methvl-2-(SK:MQrc>-2-pvridvlo xv>propiomc acid 
Step A Ethvl 2-Methvl-2-(5-cMQro-2-pvridvlox v^T)roDionate 

A mixture of 5-chloro-2-hydroxypyridine (5.0 g, 39 mmol). ethyl 2-bromoisobutyiate (5.7 mL, 

5 39 mmol) and cesimQ carbonate (25 g, 77 mmol) in 50 mL of acetonitrile was heated at 50°C overnight. 
The volatile matmak were removed by concentrating on a rotary evaporator, and the residue was 
partitioned between water (100 mL) and EtOAc (100 mL). The organic layer was separated and the 
aqueous layer extracted with EtOAc (2 x 100 mL). The combined organic extracts were dried over 
anhydrous sodium sulfate, filtered and concentrated to dryness, and the residue was purified by flash 

10 column chromatography on silica gel eluted with 5% EtOAc m hexane to give the tifle compound. 

NMR (500 MHz, CD3OD): 5 7.99 (d, IH), 7.67 (dd. IH), 6.68 (d, IH), 4.13 (q, 2H), 1.64 (s, 6H), 1.14 

(t, 3H). LC-MS: m/e 244 (M + i£f (3.41 min). 

StepB 2-Methvl-2-(5-chlQrQ-2-Pvr idylQxy^prQpionic Acid 

A mixture of ethyl 2-methyl-2-<5-chlaro-2-pyridyloxy)propionate (2.6 g, 11 mmol) and sodium 

15 hydroxide (0.85 g, 21 mmol) in 15 mL acetonitrile and 15 mL water was heated at 50X overnight The 
volatile materials were rraioved by concentrating on a rotary evaporator, and the residue was partitioned 
between 2 M hydrochloric acid (100 mL) and ether (100 mL). The organic layer was separated, washed 
with water (2 x 50 mL), dried over anhydrous MgS04, filtered and concentrated to dryness to give the 
title compound. NMR (500 MHz, CD3OD); 6 8.02 (d, IH), 7.65 (dd. IH), 6.77 (d, IH), 1.62 (s. 6H). 

20 LC-MS: m/e 216 (M + H)"" (2.33 min). 

REEEEffiNCE EXAMPLE 12 
2-Methvl-2-f 5-methvl-2-pvridvloxv^propiomc acid 

The title can?)Ound was prepared from 5-methyl-2-hydroxypyriduie following the procedure 
25 described for Reference Example 11. NMR (500 MHz, CD3OD): 5 7.85 (s, IH), 7.47 (dd, IH), 6.65 
(d, IH), 2.22 (s, 3H), 1.62 (s. 6H). LC-MS: m/e 196 (M + H)* (2.3 mm). 

REFERENCE EXAMPLE 13 
2-Methvl-2-f4-trifluoromethvl-2-pvridvlQxv^propionic Acid 
30 The title compound was prepared following the procedures described for Reference Example 1 1 

substituting 5-chloro-2-hydroxpyridine with 4-trifluoromethyl-^^^ ^HNMR 
(500 MHz, CD3OD): 8 8.30 (d, IH), 7.18 (d, IH), 7.05 (s, IH). 1.71 (s, 6H). 

REFERENCE EXAMPLE 14 
35 '2-Mftthvl-2>-f 6-trifluoromethv 1-4~pvrimidvloxvtoropionic Acid 
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The title compound was prepared fDUowing the procedures described for Reference Example 11 
substituting 5-chloro-24iydroxpyridine wifli 6-trifluoromefl)yl-4-hydn)3q>yriniidine at Step A. Ifl NMR 
(500 MHz, CD3OD): 8 8.81 (s. 1H),7.28 (s. IH), 1.75 (s. 6H). LC-MS: m/e251 (M+H)*(2.1 nrin). 

5 REFERENCE EXAMPLE 15 

? ^l^ethv1-245-triflanTOmeflivl-2-p vridvloxv')propiomcAcid 

To a solution of potassium bis(triniethylsilyl)amide in tetrahydrofuran (0.91 M, 275 niL) at - 
70°C undernitrogen and was added ethyl-2-hydroxyisobutyrate (36 mL. 34.7g, 0.263 mol) over 12 min. 
After stirring for additional ID min, 2-chloro-5-1rifluoimBthylpyridine was added m one portion. The 

10 coolingbathwasrenwvedandltereactiQnwasanowedtowarmtoToomteniperat^ Sodium 
hydroxide (105 mL. 5N) was added, and the reaction was refluxed overnight. The reaction mixttae was 
partiaUy concentrated on a rotary evaporator, diluted wifli water (150 mL). and extracted witii hexane 
(2x150 mL). The aqueous layer was separated and acidified with 2N HCl (350 mL. 0.7 mol), and the 
resulting suspension was cooled to O^C. After aging for 20 min. tiie precipitate was coUected by 

15 ffltiation,whiphv«s washed with water (4x150 mL) and air^dried to afford 38.0 g of a tan soUA 

(85 5%) Treatment witii Darco KB and recrystallization in 3:1 heptane/isopropyl acetate provided the 
tide compound as a white crystalline material. 1h NMR (500 MHz, C3D3OD): 8 8.38 (br s, IH), 7.93 
(dd. IH). 7.13 (d, IH). 1.70 (s. 6H). LC-MS: m/e 250 (M + H)^ (2.6 min). 

20 REFERENCE EXAMPLE 16 

?.-Mfirtiv1-2-f5-cvaTio-2-Dvridvl "yy^propionic Acid 
Step A vrRthvl2-metfiv1-2-r5.<;vano -2-pvridvloxv')propionate 

To a solution 2-methyl-2-(5-chloro-2-pyridyloxy)propionic acid (Reference Exanq>le 11. 1.0 g. 
4.6 mmol) in dichlorometiiane (10 mL) and methanol (10 mL) at CfC was added 

25 trhnetiiylsilyldiazomethane (2 M in hexane) until a yellow color persisted. After stirring at room 

temperature for 15 min, tiie reaction mixture was concentrated to dryness to give liie crude mefliyl ester, 
which was used without further purification. Thus, flie crude methyl ester was dissolved in acetonitrile (5 
mL). and was added potassium cyanide (0.45 g. 7.0 mmol). tributyltin chloride (0.10 mL. 0.37 mmol). 
The mixture was degassed and was added tris(dibenzyfideneacetone) dipalladium(0.15 g. 0.16 mmol) 

30 andtri(tert-butyl)phosphine(10%wdght.2.2mL.0.84mmDl),andwasdegassedtwomDre After 
heating at 80''C overnight The reaction mixture was cooled to room tEmperatute. diluted witii dimetiiyl 
sulfoxide (5 mL) and water (2 mL) and filtered. The filtrate was loaded onto a reverse phase HPLC 
column during with 20 to 100% water in acetonibile to give die title compound. Ifl NMR (500 MHz, 
CD3OD): 8 8.43 (d, IH), 7.97 (dd. IH). 6.91 (d. IH), 3.63 (s, 3H). 1.66 (s. 6H). 

35 Step B ?-Methvl-2-f5.< :vano-2-pvridv1oxv>nmpionicAcid 
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To a solution of methyl 2-methyl-2-(5-cyaiio-2-pyridyloxy)propionate (12 mg) in tetrahydroforan 
(2 mL) and water (1 mL) was added lithinm hydroxide monohydrate (10 mg). After stirring at room 
tenq>erature overnight, the reaction mixture was acidified with 1 N hydrochloric acid, and the resulting 
mixture was partitioned between water (50 mL) and ethyl acetate (50 mL). The organic layer was 
5 separated, washed with water and brine, dried over sodium sulfate, filtered and concentrated to dryness 
to give the title cowpomxd. NMR (500 MHz. CD3OD): 5 8.23 (d, IH). 7.96 (dd, IH). 6.91 (d, IH), 

1.64 (s, 6H). 

REFERENCE EXAMPLE 17 
2..Methvl-2-^5-fluoro-2-Dvridvloxv^propionic Acid 
10 Step A Benzvl 2-f5-Fluoro-2-pvr idvloxv^pTOPionate 

To a mixture of 5-fluoro-2-hydroxypyridine (2.0 g, 18 mmol). benzyl lactate (3.2 g, 18 mmol) 
and triphenylphosphme (9.3 g, 35 mmol) in 50 mL of CH2a2 was added diisopropylazodicarboxylate 
(7.0mL,35mmol)at0°C. The reaction was allowed to warm to room temperature overnight The 
resulting mixture was loaded onto a siHca gel column, which was eluted wifli 0 to 25% EtO Ac in hexane 
15 to give the tifle can5>ound. IfiNMR (500 MHz. CD3OD): 5 7.81 (d. IH). 7.50 (ddd, IH), 7.36-7.26 (m. 
5H). 6.85 (dd. IH). 5.24 (q. IH), 5.16 (ABq. 2H) 1.55 (d, 3H). LC-MS: m/e 276 (M + 1^^ (3.6 mm). 
StepB Renzvl 2-(5-Huoio-2-Dvridvl nxvV2-methvlpropionate 

To a solution of benzyl 2-(5-fluoro-2-pyridyloxy)propionate (2.9 g, 10 mmol) and methyl iodide 
(3.3 inL, 53 mmol) in 40 inL of anhydrous THF at -78°C was added potassium hexametiiyldisilazide (0.5 
20 M in toluene, 32 mL, 16 mmol). The reaction was allowed to warm to room tenq)erature over 3 h and 
was partitioned between saturated ammonium chloride (150 mL) and EtOAc (150 mL). The organic 
layer was separated and the aqueous layer extracted witii EtO Ac (2 x 50 mL). The combmed organic 
extracts were dried over anhydrous sodium sulfate, filtered, and concentrated to dryness, and the residue 
was purified by flash column chromatography on siKca gel eluted with 0 to 20% EtOAc in hexane to give 
25 the title compound. 1h NMR (500 MHz, CD3OD): 8 7.63 (d. IH), 7.44 (ddd, IH). 7.27 (m, 3H), 7.18 
(m. 2H). 6.74 (dd, IH), 5.09 (s, 2H) L64 (s, 6H). LC-MS: m/e 290 (M + H)* (3.7 min). 
StepC 2-r5-Fluoro-2 -pvridvloxvV2-methvlproDionic Acid 

A mixture of benzyl 2-(5-fluoro-2-pyridyloxy>-2-metiiylpropionate (2,6 g, 9.2 mmol) and 10% 
paUadium on carbon (0.26 mg) in 20 niL MeOH was degassed and fdled widi hydrogen using a baUoon. 
30 After stirring at room temperature for 3 h, the reaction mixture was filtered through CELTTE 

diatomaceous earth and washed witii MeOH (20 mL), and the filtrate was concentrated to dryness to give 
the title conq)ound. Ifl NMR (500 MHz, CD3OD): 5 7.91 (d, IH), 7.48 (ddd, IH), 6.78 (dd, IH). 1.65 

(s. 6H). LC-MS: m/e 200 (M + H)* (2.6 min). 

35 REFERENCE EXAMPLE 18 

2-f 2-PvridvloxvV2-methvlt>ropionic Acid 
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15 



The title conqKjmd was prepared foUowing the imx^dures describe 

substitutiBg5-fluoro-2-hydroxypyridine>vith24iydiowyri^^ '"^"^^^^"^ , 

CD30D): 5 8.04 (dd, IH). 7.64 (ddd. IH). 6.89 (dd. IH). 6.76 (dd. IH). 1.66 (s, 6H). LC-MS: «p/e 182 

(M+ED*(13iiim). 

5 

REFERENCE EXAMPLE 19 

2-Methyl-2-(4-inethyl-2-pyridyloxy)propionic Acid was prepared fonowing the procedures 
described for Reference Example 17 subsdtating 5-fluoro-2-hydroxypyridine with ^^^y^' 
10 hydroxypyridineatStepA. 1hNMR(500MHz, CD3OD): 5 7.88 (d. IH), 6.73 (d. IH). 6.57 (s, IH). 

2.28 (S.3H). 1.63 (S.6H). 

REFERENCE EXAMPLE 20 
9-M..th Yl-24S-diflno rr>Tnp.thvl-2-pvririYlnxvVprooioDicAcid 
Step A 4-rWf>ro-3-pv ridinecafboxaldehvde 

To a sotation of 2-chloi^5-ie,dopyiidiBe (18 g. 75 nnnoD in ether (100 mL) and tetrahydrofuran 
(100iriL)at-78°Cwasaddedfert-butymtfaium(1.7Minpentane.60mL. lOOinmol). After stirring at - 
78»CfQr 30 niin. N.N-diinethylfonnaiidde (11 mL, 150 mmol) was added, and the reaction was aUowed 
to warm up to O^C over 30 min, and was poured into a stirred mixture of ice (200 g), concentrated 
hydrochloric acid (20 mL) and ether (200 mL). The organic layer was separated, washed with water and 
brine, dried over anhydrous magnesium sulfate, filtered and concentirated to dryness. The residue was 
purified by flash column chromatography on silica gpl eluting with 0 to 10% ether in 
hexane/dichloromethane (1:1) to give die tide compound. IhNMR (500 MHz. CD3OD): 8 10.18 (s. 

IH). 8.90 (s, IH). 8.17 (d, IH), 7.55 (d, IH). 
StepB ^rh1nrn-3-difl ""rrmiftthvlpvridine 
25 To a solution of 4-chloro-3-pyridmecarboxaldehyde (3.7 g, 26 mmol) in 15 mL of 

dichloromelhane at -78" was added (dimethylammo)sulfur trifluoride (15 mL. 0.15 mol). and die 
reaction was allowed to warmup to room temperature overnight. The reaction was quenched by 

carefuUy transferring into a mixture of ice (100 g) and sodium sulfite (10 g). The product was extracted 
with ether (100 mL x 2). and the combined extracts were washed witii water and brine, dried over 
anhydrous magnesium sulfate, filtered and concentrated to dryness. The residue was purified by flash 
column chromatography on silica gel elutingwifliOto 10% eti^r in hexane to give the titte compound. 

iHNMR (500 MHz. CD3OD): 5 8.59 (s, IH). 7.84 (d. IH). 7.48 (d. IH). 6.74 (t. IH). 
StepC 2-Methvl-2-(5- d ifi""rnniethvl-2-nvridYloxv)propiomcAcid 

The tide compound (1.6 g) was prepared from 4-cbloro-3-difluoromediylpyridine (3.0 g) 
35 foUowingtiieproceduiedescnT»dfQrRefeienceExamplel5withfliefollowingmodifications. The 
ester intermediate was purifiedby flash column chromatography on siUca gel elutingwithOto 10% 



20 



30 
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in hexane. The hydrolysis of the estet to the title compound was effected with Ufliium hydradde in 
methanolAetrahydrofunin/water. Ifl NMR (500 MHz, CD3OD): 5 8.22 (d. IH). 7.82 (dd. IH), 6.88 (d. 

lH),6.77(t,lH), 1.64 (S.6H). 

S REFERENCE EXAMPLE 21 

JV-t2K3-tm>ini>-5-cyanophBnyl)-3K4-cUoiqphenylVl-mBthylpt^ 

Si ■ — 

The title con^jound was prepared foUowmg the procedures described fas: Reference Exan^le 5 
substituting 34-dibromofluQrobeiizene with 3^-dibromocyanobenzene and 1,1'- 
10 bis(diphenylphosphino)ferrocene with 2-(diphenylphosphino)-2*-(NJ^-dimethylamino)biphenyl at Step 
A. iH NMR (500 MHz, CD3OD): 6 7.84 (s, IH). 7.70 (s. IH), 7.58 (s, IH), 7.20 (d, 2H), 7.04 (d, 2H), 
3.75 (m. IH), 3.30 (m, IH). 3.21 (m, IH). 2.95 (m. IH), 1.19 (d, 3H). 

REFERENCE EXAMPLE 22 
15 y.n-f4^fluoroD>iBnvlV2-f3-cvaTin-5-flnoroDhe p ylVl-mgtfavh»r(^ hydrochlorideffMastereomer a) 

The tide compound was prepared following ttie procedure described for Reference Example 6 
sobstitatmg 4-chlQrobenzyl chloride with 4-fluoiobenzyl chloride at Step B. LC-MS: m/e 340 (M + H)* 
(3.0 min). 

EXAMPLE 1 0*lBraOD A) 




N-{lS.2S)42<3-Cyanophenyl)-3-(4-cWorophenyl>l-methylpropyl]-2-(5-t"F]-trifluoiomethyl-2- 

pvridvloXvV-'^-inftthvlp mpntiamidft _ 

Step A N-(liS. 2S>[ 2-(3-Cyanophenyl)-3-(4-chloropheiiyl)- l-methylpropyl]-2-(5- 
trifliioromethv1-2-pvridvlox vV2-methvlpropanamide 

25 To a solution of 2-methyl-2-(5-trifluQromethyl-2-pyridyloxy)propionic acid (Reference Example 15. 159 
g, 0.64 mol) in toluene (1.5 L) under mtrogen was added thionyl chloride (93 mL, 1.3 mmol). Aftw 
stirring for 1 h, the reaction mixture was concentrated, and (b& residue was suspended m acetonitrile (1.2 
L). The mixture was cooled with an ice-wata bath, and JV-(15, 25)-[3-(4-chlorophenyl)-2-(3- 
cyanophenyl)-l-methylpropyllamiiie (Reference Example 4. 151 g, 0.53 mol) m acetonitrUe (127 mL) 

30 and trietlqrlamme (89 mL, 0.64 mol) was added while maintaining the reaction tenq)erature at 5-10"'C 
Alter stirring for 30 min, the reaction nrixture was partitioned between water (1.6 L) and isopropyl 
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acetate (2.7 L). The orgamc layer was separated, washed with 2N NaOH (2 x 1.2 L) and water (1.2 L) 
and filtered through a silica gel plug (4.9 kg), which was washed with ethyl acetate^iexaiies (30:70. 
approx. 82 L). The compound contammg ftactions were combined and concentrated to give the crude 
title componnd. CrystaDizadon faanisopropyl acetale/cyclohexane and recrystallization firom isopropyl 
5 acetateflieptanegavethepuiecompound. Ir NMR (500 MHz, CD3OD): 6 8.30 (d, IH), 8.01(br d, IH). 
7.97 (dd. IH). 7.52 (d. IH). 7.43-7.33 (m, 3 H), 7.07 (d, IH), 7.06 (d, 2H), 6.72 (d. 2H). 4.28 (m, IH), 
3.07 (dd! IH), 2.88 (td, IH), 2.65 (dd, IH). 1.79 (s, 3H). 1.76 (s. 3H), 0.83 (d. 3H). LC-MS: m/e 516 (M 
+ H)+(3.9niin). 

Step B N-(1S, 2S>[ 2-(3-Cyanophenyl)-3-(4-chlorophenyl>l-methylpiopyl]-2-(5-[ T]- 

10 trifliif»romethv1-2-pvridvlox vV-?.-TTiethvlprnpanaTnide 



The residue obtained after diying of the [18FiF(~225n)C5, Reference Example 1) was treated with a 
solution of N-(1S. 2S)-[3K4-cWQrophenyl>2-(3K7anophenyl)-l-me»hylpropyll-2-<54rifluoronM^^ 
pyridyloxy)-2-methylpropananiide (1.6 mg) in benzene (0.2 mL) and heated at 95-0 for 45 mmutes. The 
reaction mixture was diluted with MeCN (0.3 mL) and H2O (0.5 mL) and injected onto the HPLC 
15 (Wateis C18 XTerra, 7.8x150mm, 3 mLtoin, laminute linear gradient, 50%A:B to 90% A:E, bold at 
90% A for 10 minutes, A=MeCN. B= 95:5:0.1 H20:MeCN:TFA, retention time ~ 8 minutes). Fractions 
from the HPLC were collected using a fraction collector (1 min/tube) and fraction corresponding to 
[18iq-NKlS,2S^[2K3-cyanophenyl)-3K4^Moropbenyl)4-methyIpropyl]-2^:5-trifluoromethyW^ 

pyridyloxy>2-mBtbylpropanamide contained 28 mCi of N-(1S. 2S)-[3-(4^:hlQropbenyl)-2-(3- 
20 cyanophenyl>l-methylpropyl]-2<5-[18F]-trifluoromethyl-2-pyridyloxy)-2-^^^ 

EXAMPLE 2 (METHOD B) 





F 

F 



N<15.25)-[2<3-Cyanophenyl>3-(4-cMorophenyl>l-methylpropyI]-2-(54"F]-trifluoroniethyl^^^ 

pyridvloxvV2-methvlpr r>ranaTnide 

25 stepA f«rf-Butvldiinethyl!^ilvl-2-methv l -?-^^-difluotomRthv1-2-PvridYloxYW 

A solution of 2-melhyl-2-(5-difluoromethyl-2-pyridylaxy)propionic acid (Reference Example 20. 1.7 g. 
6.6 mmol) and tert-butyldimethylsilyl chloride (2.0 g, 13 mmol) and hnidazole (1.0 g, 15 mmol) m 50 mL 
of dimethylformamide was stined at roomtemperadne overnight. The reaction mixture was partitioned 
between water (200 mL) and ether (200 mL). The organic layer was separated, washed with water and 
30 brine, dried over magnesium sulfete, filtered and concentrated to dryness, and the residue was dried 
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under vacumn to give the title compound. Ifl NMR (500 MHz, CDQs): 5 8.20 (d. IH), 7.75 (d, IH). 

6.85 (d, IH), 6.65 (t, IH), 1.72 (s, 6H), 0.77 (s, 9H), 0.24 (s. 6H). 

StepB 7.-r5-Broinodiflnoromethvl-2 -pvridvloxvV2-methvlpropionicacid 

A mixture of tert-bmyldiinethylsilyl-2-nDethyl-2-(5-difluoroinethyl-2-pyridyloxy)pro^ (1.0 g, 2.9 

5 nmiDl) and N-bromDsuccinimide (1.2 g, 6.7 mmol) in 15 niL of carbon tetrachloride was degassed and 
irradiated with a sun lamp for 1 day. After anotha: batch of N-hromosuccinimide (1.0 g, 5.1 rnmol) was 
added, irradiation contmned for one more day. The lesultmg mixture was concenlrated. and the residue 
was taken up by tetrahydrofijran (15 mL) and was added 2 N hydrochloric acid (15 mL). Afhsr stirring at 
room temperature for 30 min, the product was extracted with ether (50 mL x 2). The combmed exiracis 

10 were washed with water and brine, dried over magnesdumsulfete, Altered and concentrated to dryness to 
give the crude 2-(5-bramodifluorOTiethyl-2-pyridyloxy)-2-methylpropionic acid along with 2-(5- 
difluotometl^l-2-pyridyloxy)-2-methylpropionic acid, which was used virilhout farther purification. LC- 
MS: 310 (M + H)* (2.3 mm). 

Step C N-(lS,2S)-[2-(3-Cyanophenyl)-3-(4-chlorophenyl)-l-methylpropyll-2-{5- 
15 bromodifluoroniethyl-2-pyridylbxy)-2-niethylpropimarmdeandN< 

Cyanophenyl)-3-(4-chlorophenyl)-l-methylpropyll-2-(5-difluoromethyl-2-pyddyloxy)-2r 

methvlpropanamide . — — 

The crude 2-(5-bromDdifluoromethyl-2-pyridyloxy>2-methylpropianic acid of Stqi B was converted to 
the corresponding acyl chloride and reacted vrith NAXS. 2S)-[ 2K3-cyanophenyl>3-(4-chlorophaiylH- 
20 methylpropyl]ainme hydrochlwide (Reference Example 4) foUowing the procedure described inExample 
lusmgN-inethyhnarpholineinsteadoftriethylaniineasthebase. Theproduct was purified by flash 
column chromatography on siKca gel elutmg with 5-50% ethyl acetate in hexane to give the two title 
compounds, which were further purified by HPLC on a Onralpak™ AD-H cohmm elutmg with 10% 
ethanol in hexane. 

25 N-(lS,2S>[2-(3-Cyanophenyl)-3-(4-chlorophenyl>l-methylpropyl]-2-(5-bromodifluoromethyl-2- 
pyridyloxy)-2-niethylpropanamide (fasting eluting isomCT on Chira^ak™ AD column): ^H NMR (500 
MHz, CD3OD) 5 8.27 (d, IH), 7.99 (br d, IH), 7.95 (dd, IH), 7.50 (br d, IH), 7.40-7.31 (m. 3H), 7.07- 
7.02 (m. 3H), 6.71 (d, 2H), 4.27 (m. IH), 3.04 (dd, IH), 2.86 (m, IH), 2.63 (dd, IH), 1.77 (s, 3H), 1.74 

(s, 3H), 0.81 (d, 3H). LC-MS: m/e 576 (M + H)* (4.1 min). 
30 N-(lS,2S)-[2-(3-Cyanophenyl)-3<4-cMarophenyl)-l-nielhylpropyll-2-(5KMuarornethyl-2- 

pyridyloxy)-2-methylpropanamide (slower ehiting isomer on C3uralpak™ AD column): ^HNMR (500 
MHz. COas): 5 8.22 (d. IH), 7.83 (dd, IH), 7.50 (br d. IH), 7.34 (t, IH), 7.28-7.23 (m, 2H), 7.11 (d, 
2H), 6.90 (d, IH), 6.74 (d, 2H). 6.61 (t, IH), 4.37 (m. IH). 3.17 (dd. IH). 2.84 (ABX, 2H), 1.78 (s. 3H). 
1.73 (s. 3H). 0.90 (d, 3H). LC-MS: m/e 498 (M + H)* (2.8 mm). 
35 StepC N-(lS.2S)-[2-(3-Cyanophenyl>3-(4-chloiophenyl)-l-methylpropyl]-2-(5-['^- 



-44- 



wo 2005/009479 



PCTAJS2004/020233 



triflnonmielhvl-2-pTOdvloxvV2-methvlp "tTW"aTTii^ ^ 

Microwave heating (~45W) was used to dry lie [18F]F (-300 mQ) in the presence of Kryptofix222. A 
solution of N-(lS,2S>I2-(3-<TranophmyI>3<4-<Moroph£myl)-l-niethylp^ 

broniDdifluoraniethyl-2-pyridyloxy>2-niBthyIpropanamide (0.9mg) in DMSO (0.2mL) was transfetred to 
5 the \dal in the microwave cavity and pulsed with SxlOsec cycles with 20 seconds betwera pulses. The 
reaction niixture was diluted with H2O (0.6mL) and injected onto the HPLG (W aters C18 XTeiia, 
T.SxlSOnm, 3 mL/min, 10 minute linear gradient, 50%A:B to 90% A:B. hold at 90% A for 10 minutes, 
A=MeCN, B= 95:5:0.1 H20:MeCN:TFA, retention time ~ 8 minutes). Fractions fromthe HPLC were 
collected using a fraction collector (1 min/tube) and fraction corresponding to [18f1-N-(1S, 2S)-[3-(4- 
10 cMorophenyl)-2<3-cyanophenyl)-l-nKaiylpropyl]-2-(5-trifluoiomediyl-2-pyridyloxy>2- 

metiiylpropanamide contained 9.3 mCi of [18f1-N-<1S, 2S)-[3-(4-chlorophenyl>2-(3-cyanophenylH- 
methylpropyll-2K5-ttifluoroinefliyl-2i)yiidyloxy>2-methy^opanainide. 



EXAMPLES 




N-[2K3-Cyano-phenyl)-3-(4-[llQ-metiioxyphenyl)4-methylpropyl]-2-(5-trifluQromBthyl-^ 

2-methvlprn paTiaTiiidft 

Step A N-^2<3-Cyano-phenyl)-3-(4-hydToxyphenyl>l-Inethylpropyl^^(5^^ifluorometo 

pyridYloxvV2-metfavlpr r»panaTnide 

20 N-[2<3-Cyano-phenyl)-3-(4-hydroxyphenyl)-l-methylpropyl]-2<5-trifluQromethyl-^^^ 

methylpropanamide was prepared from N-[3-(4-chlorophenyl)-2-{3-cyanophenyl)-l-metiiylpropyl]-2-(5- 
trifluoromethyl-2-pyiidyloxy)-2-methylpropanamide 0Exan5)le 1) foUowing the procedure described in 
Reference Example 8, Step B using tris(dibenzylideneacetone)dipalladium and 2-[&{tert- 
butyl)phosphino]biphenyl as the catalyst. Ir NMR (500 MHz, CD3OD): 5 8.30 (d, IH), 7.95 (dd, IH), 
25 7.50 (hr d, IH), 7.40-7.32 (m. 3H). 7.08 (d, IH). 6.55 (d, 2H), 6.49 (d, 2H), 4.25 (m, IH), 3.00 (dd, IH). 
2.85 (td. IH). 2.58 (d. IH), 1.78 (s, 3H), 1.74 (s, IH), 0.82 (d, 3H). LC-MS: m/e 498 (M + H)* (3.5 mm). 
Step B N-[2-(3-Cyano-phenyl)-3-(4-[l lci-nieaioxyphenyl)-l-methylpropyll-2-(5- 

trifluoroniethvl-2-pVTidvloxvV-2-methvlpropanamide 

[1 IqMel was trqjped in a RT nnxture of N-[2-(3-cyano-phEaiyl>3-(4-hydroxyphenyl)-l-mefliyIprqpyl]- 
30 2-(5-trifluoromethyl-2-pyridyloxy>2-methylpiopanamide (0.3mg) in DMF (0.2 mL) containing CS2CO3. 
The reaction mixtnre was transferred to a 2 mL v-vial at 100°C, heated for 4 minutes, diluted witii H2O 
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(0.8 mL) and injected onto the HPLC (Waters C18 XTerra, 7.8xl5Qmm, 3 inL/miii, 10 nrinute linear 
gradient, 30%A:B to 95% A:B, hold at 95% A for 5 minutes, A=MeCN. B= 95:5:0.1 H20:MeCN:TFA, 
retention tune --9.5 minutes). The desired peak was coUected in a heated roimd bottom flask on a 
evaporator. The solution was concenliated and vacuum transfeired to a septo^ The 
5 round bottom flask was rinsed with ethanol (0. 1 mL) and saline (1-2 mL) and vacuum transferred to the 
same v-vial to give 5.8 mCi of N-[2<3K;yano-phenyl)-3-(4.[llq-methoxyphenyl>l"methyl^ 
trifluorornethyl-2-pyridyloxy>2-rnethylpropariainide. 



BXAMPLE4 




N42K3<:yano-phenyl)-3<4-[18Fl-dideuterio-fluaromethoxyphenyl)4-^ 

trifluoromethyl-2-pvridvIoxvV2-methv lpropanamide 

[18F]FCD2Br was distilled into a 0°C mixture of N-[2-(3-cyano-phenyl)'-3-(4-hydroxyphenyl)-l- 

niethyIpropyl]-2-(5-trifluorornethyl-2-pyridyloxy)-2-methylpropan^ from Example 3, Step A 
15 (0.3mg) in DMF (0.2 mL) containiag CS2CO3. The reaction mixture was transferred to a 2 mL v-vial at 
100°C, heated for 5 minutes, dHuted with H2O (0.8 mL) and injected onto the HPLC (W aters C18 
XTerra, 7.8x150mm, 3 mL/min, 10 minute linear gradient, 30%A:B to 95% A:B, hold at 95% A for 5 
mmutes, A=MeCN, B= 95:5:0.1 H20:MeCN:TFA, retention time - 9-5 minutes). The desired peak was 
collected in a heated round bottom flask on a rotary evaporator. The solution was concentrated and 
20 vacuum transferred to a septum capped 5 mL v-vial. The round bottom flask is rinsed with ethanol (0. 1 
mL) and saline (1-2 mL) and vacuum transferred to the same v-vial to give 11.8 mCi of N-[2-(3-cyano- 
phenyl)-3-(4-[l8F]Kfideufcerio-fluoromeftLOxyphenyl)-l-methylpropy^^ 
pyridyloxy)-2-methylpropanamide. 

EXAMPLES 



25 
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N-[2K3-Cyano-phenyl>3K4<2-[18l^-fluoroethoxy)phmyl)-l-methylpropyl]-2K5^ 

pvridvloxv">-2-methvlf r"p""''™'^ ' 

[ISpiFCHaCHzBr was distilled into a room tsanp&aOas mixture of N-[2-{3-cyanai)henyl)-3-(4- 

hydioxyphenyl)-l-inelhy^yl]-2K5-trifluoroiiiefliyl-2-pyiidylox^^^ 

5 Example 3, Step A (0.3mg) in DMF (0.2 mL) containing CS2CO3. The reaction mixture was transferred 
to a 2 mL v-vial at lOO'C, healed for 5 minutes, diluted with H2O (0.8 mL) and injected onto the HPLC 
(Waters C18 XTerra, 7.8xl50mni, 3 inL/min, 10 minute linear gradient, 30%A:B to 95% A:B, hold at 
95% A for 5 minutes, A=MeCN, B= 95:5:0.1 H20:MeCN:TFA, retention time ~ 9.5 minates). The 
desired peak was collected in a heated round bottom flask on a rotary evaporator. The solution was 

10 concentrated and vacuum transferred to a septum capped 5 mL v-vial. The round bottom flask was 
rinsed wifli ethanol (0. 1 mL) and salme (1-2 mL) and vacuum transfened to the same v-vial to give 6.6 
mCL 



EXAMPLE6 




N-[2-(3-Cyano-phenyl)-3-(4<[18iq-2-fluoroethoxy)phenyI)-lHanethyIpropyl]-2<5-n^ 

l-methvlpr npwnamide 

Step A N-[2-(3-Cyanoi?henyl)-3-(44iydioxyphenyl)-l-methylpropyl]-2-{5-methyl-2- 
pyridvloxvV2-metfavlpropanamide 

20 To a solution of JV-(15. 2S)-[2-(3-cyanophenyl)-3-(4-hydroxyphenyl)-l-methylpropyl]amine 

hydrochloride (Reference Example 8, 0.17 g, 0.49 mmol), 2-methyl-2-(5-methyl-2-pyridyloxy)propionic 
acid (Reference Example 12, 96 mg, 0.49 mmol) and l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide 
hydrochloride (0.1 1 g, 0.59 mmol).in acetonitrile (2 mL) at 0°C was added pyridine (91 uL. 1.1 mmol). 
The reaction was aUowed to warm up to room tewpetatxaa ovemigjit, and was quenched wifli saturated 

25 with sodiumbicarbonale (2 mL). The resulting mixture was partili(aied between tert-butyl methyl ether 
(20 mL) and water (20 mL). The oi^anic layear was separated, washed with 1 M hydrochloric acid, water 
and brine and concentrated to dryness. The residue was purified by flash column chromatography on 
silica gel eluling with 10 to 70% ethyl acetate in hexane to afford N-[2-(3-Qrano-phenyl)-3-(4- 
hydioxyphenyl)-l-methylpropyl]-2-(5-niethyl-2-pyridyloxy)-2-methylpropanamide. NMR (500 MHz, 

30 0)300): 5 7.85 (hr d, IH). 7.81 (d. IH), 7.53-7.80 (m, 2H), 7.38 (t, IH), 7.34 (br d, IH). 7.32 (br s, IH). 
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6.80 (d, IH), 6.51 (ABq. 4H), 4.26 (m, IH). 3.01 (dd, IH), 2.81 (td, IH), 2.54 (dd. IH). 2.12 (s. 3H), 1.73 

(8, 3H), 1.67 (s, 3H), 0.83 (d, 3H). LC-MS: m/e 444 (M + H)* (3.3 min). 

The tide compound was reciystallized from 3 mL methyl tert-hutyl etiier pa: gram of title 

conq)oimd to give a ciystal foim thM was characterized as follows: 
5 Differential scanning calorimetry (DSC) data were collected at a heating rate of 10 "^min, under 

nitrogen atmosphere in a crimped pan. The DSC curve displays a melting endoflierm with an extrapolated 

onset temperature of 162.9 "C. a peak temperatore of 164.2 "C, and an enthalpy change of 96 J/g. 

The tide compound displays the f oUowing X-ray powder dif&action pattern (XRKD) (as shown in 

Figure 1). The characteristic dif&action peaks correspondmg to d-spacmgs of 12.6, 7.8, 6.5, 4.8, 4.2, 4.1 
10 angstroms. The X-ray powder diffraction pattern was generated on a Philips Analytical XTert PRO X- 

ray Diffraction System with PW304(V60 console. A PW3373/00 ceramic Cu LEF X-iay tobe K-Alpha 

radiation was used as the source. 

StepB N-[2-(3-Cyano-phenyl)-3-(4-(tl8F]-2-fluoroethoxy)phenyl)-l-methylpropyl]-2-(5- 

methvl-2-DwidvloxvV2-p ^''^'^Y^r'"P""""'''^''- 

15 fl8F]FCT2GH2Br was distilled into a room tBnq)CTatuiBiDixture.ofN-[2K3tcya^ 

hydroxyphenyl)-l-inethylpropyl]-2-(5-methyl-2-pyridyloxy)-2-methylpropanamide (0.3mg) in DMF (0.2 
mL) containing CS2CO3. The reaction rmxtore was transferred to a 2 mL v-vial at lOO'C, heated for 5 
minutes, diluted with H2O (0.8 niL) and injected onto the HPLC (Waters C18 XTena, 7.8x150mm, 3 
mL/min, 10 minute linear gradient, 30%A:B to 95% A:B, hold at 95% A for 5 minutes, A=MeCN, B= 
20 95:5:0.1 H20:MeCN:TFA, retention lime ~ 9 minutes). The desired peak was collected in a heated 
round bottom flask on a rotary evaporator. Hie solution was concentrated and vacuum transferred to a 
sq)timi capped 5 niL v-viaL The round bottom flask was rinsed with ethanol (0.1 mL) and saline (1-2 
mL) and vacuum transferred to the same v-vial to give 25 mQ of N-[2-(3-cyano-phenyl>3-(4-([18F]-2- 
fhioroethoxy)phenyl).l-methylpr(q)yl]-2-(5-methyl-2-pyridylQxy)-2-metiiylpropanamide. 

25 

EXAMPLE7 




N-[2-(3-Cyano-5-fluonjphenyI)-(4-[llq-nieflioxyphenyl)-l-metiiylpropyl]-2-(5-trifluorometiiyl-2- 

pvridvloxv)-2-methvlprn panamide — 

30 Step A N-[2-(3-Cyano-5-fluorophenyl)-(4-chlorophenyl>l-methylpropyl]-2-(5-trifluoromethyl- 

2-pvTidvloxv'>-2-methvlpropanamide . 
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To a solution of Ar-[2K3<yano-5-fluonq>henyl)-3K4-cmorophmyl>l-inethylpropyl]ai^ hydrochloride 
salt (Refearence Example 6, 1.0 g, 3.0 mol) and 2-(5-trifluaroniethyl-2-pyridyloxy)-2-methylpropionic 
acid (Reference Example 15, 0.90 g, 3.6 mmDl) in 10 mL of 01202 was added iV-mBthylmorpholine 
(0.99 mL, 9.0 mmol) and tiis(pyiTOlindiiQrl)phosphDnium hexafluorophosphate (2.4 g, 4.5 mmol). After 
5 stining at room tBin>aatHre ovemight, the reaction mixture was loaded onto a silica gel column eluted 
with 30% EtOAc in hexane to afford N-[2-(3-cyano-5-fluorophenylH4-chlorophenyl)-l-methylpropyl]- 
2-(5-trifluoramethyl-2-pyridyloxy)-2-methylpropanamide in racemic form. NMR (500 MHz, 
CD3OD): 5 8.26 (br s, IH), 7.96 (d, IH), 7.93 (dd, IH). 7.30 (br d, IH), 7.22 (s, IH). 7.15 (br d, IH), 
7.06 (d, 2H), 7.05 (m, IH), 6.74 (d, 2H), 4.24 (m. IH), 3.05 (dd, IH), 2.91 (m. IH), 2.63 (dd, IH), 1.74 
10 (s, 3H), 1.72 (s, 3H), 0.83 (d, 3H). LC-MS: m/e 534 (M + H)* (4.2 min). 

The lacemic mixtute obtained above was sqrarated mto Enantiomer A and Enantiomer B by 
preparative HPLC eluting on a Catiralpak AD column (2 cmx 25 cm), witii 8% ethanol in hexane (flow 
rate 9 mXJvmn, 500 |iL per injection). 

Fastear eluting enantiomer (Enantiomer A): Analytical HPLC: retention thiKS = 8.2 min (Oiiralpak 
15 AD column, flow rate = 0.75 mUmin, 8% ethaBolAiexane). LC-MS: m/e 534 (M +il)* (4.2 min). 

Slower eluting mantiomer (Enantiomer B): Analytical HPLC: retention time = 1 1 .0 min 
(Chiralpak AD column, flow rate = 0.75 mL/nrin, 8% etiianol/hexane). LC-MS: m/e 534 (M + H)* (4.2 
min). 

Step B N-[2-(3-Cyano-5-fluorophKayl)-(4-hydroxyphenyl)-l-mefliylpropyl]-2-(5- 

20 trifluoromethvl-2-pvridvloxv'>-2-mediv 'r"^p"a"^''^ft 

N-[2-(3-Cyano-5-fluorophenyl)-(4-hydroxyphenyl>^mBtilylpropyl^2-(5-trifluorometilyl-2-pyridyloxy)- 

2-methylpropanamide was prepared &omN-[2-(3-cyano-5-fluorophenyl)-(4-chlorophenyl)-l- 
metiiylpropyl]-2-(5-trifluQroniethyl-2-pyridyloxy)-2-niethylpropanamide (Step A, slower eluting isomer) 
following die procedure described in Reference Example 8, Step B using tiis(dibenzylideneacetone) 
25 dipalladium and tri(tert-butyl)phosphine as tiie catalyst NMR (500 MHz, CD3OD): 5 8.27 (d, IH), 
7.96 (br 8, IH), 7.94 (d. IH), 7.93 (d, IH), 7.30 (m, IH), 7.18 (br s, IH). 7.14 (m, IH), 7.04 (d, IH), 6.65 
(ABq, 4H), 4.24 (m, IH), 3.03 (dd, IH). 2.88 (m, IH), 2.57 (dd, IH), 1.75 (s, 3H), 1.73 (s, 3H), 0.82 (d, 
3H). LC-MS: m/e 530 (M + H)* (3.8 min). 

Step C N-[2-(3-Cyano-5-fluorophenyl)-(4-tl lq-niethoxyphenyl>l-mBthylpropyl]-2-(5- 

30 trifluoromethvl-2-pvridvloxvV2-niethvlpropanamide 

(liqMel was trapped in a Q-C mixture of N-[2-(3-Cyano-5-fluorophenyl)-(4-hydroxyphenyl)-l- 
methylpropyI]-2-(5-trifluoromethyl-2-pyridyloxy)-2-mBfliyIpropananude (0.3mg) in DMF (0.2 mL) 
containing Cs2C03. The reaction mixture was transferred to a 2 mL v-vial at lOOoC, heated fm 4 
minutes, diluted witii H20 (0.8 mL) and injected onto the HPLC (Waters C18 XTerra™, 7.8xl5Qmm. 3 
35 mL/min, 10 minute linear gradient, 30%A:B to 95% A:B, hold at 95% A for 5 minutes, A?=MeCN, B= 
95:5:0.1 H20:MeCN:TFA, retention time - 10 minutes). The desired peak was collected in a heated 
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round bottom flask on a rotary evaporator. The solution was concentrated and vacuum transfened to a 
septum capped 5 mL v-vial. The round bottom flask was rinsed with etfaanol (0.1 niL) and salme (1-2 
mL) and vacuum transferred to the same v-vial to give 11.7 mQ of N-[2-(3-cyano-5-fluorophenylH4- 
[liq-methoxyphenyl)-l-methylpropyIl-2K5-tiffluaromethyl-2-py^^ 

5 

EXAMPLES 




N-[2-(3-Cyano-5-fluorophenylH^[^^i^-<Kde^rio-fluoroi^ 

trifluoromethvI>2'-pvrid v 1oxv^'2»>methYlp rn panaTmdft 

10 [18p]Fa);^r was distiUed into a O'^C mixture of N-P^ 

hydroxyphenyl)-l-methylpropyl]-2K5-tri£IuQromethyl-2-p^^^ (0.3mg) in 

DMF (0.2 mL) CQntaining CS2CO3. The reaction mixture was transferred to a 2 mL v-vial at 100**C, 
heated for 4 mmutes, diluted with H2O (0.8 mL) and injected onto the HPLC (W aters CI 8 XTerra"^, 
7.8x150mm, 3 mL/min, 10 mmute linear gradient, 30%A:B to 95% A:B, hold at 95% A for 5 minutes, 

15 A=MeCN, B= 95:5:0.1 H20:MeCN:TFA, retention time 10 minutes). The desired peak was collected 
in a heated round bottom flask on a rotary evaporator. The solution was concentrated and vacuum 
transferred to a septum capped 5 mL v-vial. The round bottom flask was rinsed with ethanol (0.1 mL) 
and saline (1-2 mL) and vacuum transferred to the same v-vial to give 6.5 mCi of N-[2-(3-cyano-5- 
fluorophenyl)-(4-[18Fl-dideuterio-fluoroniethoxyphenyl)-l-methylp^^ 

20 pyridyloxy)-2-methylpropanamide. 

EXAMPLB9 




N-[2<3-C:yano-5-fluorophenyl)-(4<2-[18p]-fluoroethoxy)phenyI)4-mBthyl^ 

2-pyridvloxvV2-methvlp TnpaTia^ide 

25 [18FlFCH2CH2Pr was distilled into a room temperature mixture of N-[2-(3-cyano-5- 

fluorophenyl)-(4-hydroxyphenyl)-l-methylpropyl]-2-(5-trifluoromethy^^^^ 
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methylpiopanamide (0.3ing) in DMF (0.2 mL) ccmtaining CS2CO3. The reaction mixture was transferred 
to a 2 mL v-vial at lOCfC heated for 5 nrinntes, dihiled with H2O (0.8 mL) and injected onto the HPLC 
(Waters C18 XTena™, 7.8xl5Qmni. 3 mUmm, 10 mmnte Imear gradient, 30%A:B to 95% A:B, hold at 
95% A for 5 minutes, A=MeCN, B= 95:5:0.1 H20:MeCN:TFA, retention time - 10 minutes). The 
5 desiiedpeakwascoUectedinaheatedroundbottomflaskonaiDtaryevaporator. Thesolutionwas 
concemlratedandvacuamtiansferrBdtoaseptumcappedSmLv-vial. The roimd bottom flask was 

rinsed wifli ethanol (0.1 mL) and saline (1-2 mL) and vacuum transferred to tiie same v-vial to give 6.2 
maofN-[2K3-cyano-5-fluorophenyl)<4-(2-[18F]-fluQroethoxy)phenyl)-l-mefliylpropyll-2-(5- 

trifIuoromethyl-2-pyridyloxy)-2-methylpropanamide. 
10 EXAMPLE 10 




NKlS,2S)-[3<4-cMarophenyl)-2^(3-cyano-5-fluorophenyl)-l-methylpr«q)yll-2-5-[''^ 

pyridvlQXV)-2^KpethvTp ro panamide — 

The residue obtained after drying of the [18F]F was treated with a solution of N-I2-(3-cyano-5- 

15 fluorophenyl)-(4-cMorophenyl)-l-mediylpropyl]-2-(5-trifIuorometiiyl-2-pyridyloxy)-2- 

metiiylpropanamide from Example 7, Step A (0.6 mg) in DMSO (0.2 mL) and the solution was heated 
witii 3x15 second microwave pulses witii a 30 second pause between microwave cycles. The reaction 
was diluted witii H2O (0.6 mL) and injected onto tiie HPLC (Waters C18 Bondapak™. 7.8x300mm, 3 
niL/min, 7 minute linear gradient, 50%A:B to 95% A:B. hold at 95% A for 8 minutes. A=MeCN, B= 

20 95:5:0.1 H2aMeCN:TFA,retentiontime- 10.5 minutes). The desked peak was coUected ma heated 

round bottom flask on a rotary evaporator. The solution was concentrated and vacuum transferred to a 
septum capped 5 mL v-vial. The round bottom flask was rinsed witii etiianol (0.1 mL) and saline (1-2 
inL) and vacuum transferred to tiie same v-vial to give 7.3 mQ. 

25 EXAMPLE 11 
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N-(lS,2S>[3<4-ailon>-2,5KBtritiophenyl)-2-(3-cyanqphenyl>l-niethyIpropyl]-2<5-^ 

pvridvloxv'>-2-inethvl| "'"pana""de _ 

Step A N-(1S, 2S)-[3<4-CWoro-24-^odophenyl>2-(3-cyanopheiiyl>l-nietlQrlpK^ 

trifluorometbyl-2.pvridvlo xvV2-metlwlraTin«Tiamid^ 

5 Tbe procedure of Barluenga (/ Org Chem 1990, 55, 3104) was used. Thus, to a solution of Ar-[3- 

(4-cHaroplienyl>2<5-cUQto-3-pyridyl>l-niefliylpropyll-K5-trifluor^ 

methylpropanamide (Exanqjle 1, 40 mg, 0.078 nunol) andbis(pyridine)iodoniumtetrafluoroborate (100 
mg. 027 mmDl) in 03 niL anhydrous CH.2CI2 was added triflic acid (50 \iL, 0.56 mmol). After stirring 
at room temperature for 30 min, the reaction mixture was poured into a mixture of ice (20 g) and sodium 

10 iMSulfite (1 g) and the product was extracted with EtOAc. The organic extracts were dried over 

anhydrous sodium sulfate, filtered and concentrated to dryness to give the crude product, which was 
purified by preparative HPLC eluting on a reverse-phase HPLC column with 75 to 100% acetonitrile m 
water to give the tide compound. Ir NMR (500 MHz, CD3OD): 5 8.29 (d, IH). 7.99 (d, IH), 7.94 (dd. 
IH), 7.76 (s, IH). 7.55 (d, IH), 7.45 - 7.39 (m, 2H). 7.34 (d. IH). 7.18 (s. IH), 7.05 (d, IH), 4.38 (m, 

15 IH), 3.10 (dd. IH), 2.98 (td, IH). 2.83 (dd, IR),- 1.78 (s, 3H), 1.76 (s, 3H), 0.96 (d, 3H). LC-MS: m/e 
768(M + H)*(2.9nrin). 

Stsp B N-(1S, 25)-PK4-CMoro-2,5-ditritiophmyl>-2K3H:yanophBnyl)4-inelhy^ropyl]-2-(5- 

trifluoromethv1-2-pvridvlox vV2-methvh)r'T|Tf^T^tTiidft _ 

A solution of N-(1S, 25)-[3-(4-chlQro-2,5-<liiodophenyl)-2-(3-cyanpphenyl>l-niethylpropyll-2- 
20 (5-trifluoromethyI-2-pyridyloxy)-2-methylpiopanaimde m ethyl acetate/etiianol is treated with palladium 
on charcoal and tritium gas to afford [3H]-N-(1S, 2S)-[3-(4-chloro-2,5-ditritiophenyl)-2-(3-cyanophenyl> 
l.inethylpr(q>yl]-2K5-triflnQromethyl-2-pyridyloxy>2-methylptopanamide. 

The following exanq)les were prepared with non-radiolabeled isotopes and were used to 
25 characterize the products described in Examples 1-11. The corresponding radiolabeled analogues may be 
prepared according to the methods described in Examples 1-11. 

EXAMPLE 12 




N-(15,2S)-t2-(3-(:^ophfinyl)-3-(4HnethDxyphenyl)-l-nieaiy^propyl]-2-(4-trifluoK^ 
30 pvridvloxv')-2-methvlpropanamide — 
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Step A 



NKlS,2S)-[3<4-CMoixq)henyl>2<3-cyan0phBnyl>l-nie%lii^ 
trffliiaromethyl-2-TyvridvloxvV2Hnmflw lpropa^^ 



To a soludcm ofN-ilS. 25)-[3-(4-clilcaopheayl>2.(3-cyan<5)henylH-med^ (Reference 
Example 4, 0.60 g, 2.1 mol) and 2-(44riflntjroinethyl-2-pyridyloxy)-2-methylpropiomc acid (Reference 

5 Bxao^le 13, 0.58 g, Z4 mmol) in 10 mL of CH2a2 was added iV-methylmorpholme (0.46 mL, 4.2 
mmol) and tris(pynolindmyl)phosphonium hexafluorophosphate (1.6 g, 3.2 mmol). After stirring at 
room temperatore overnight, the reaction mixture was loaded onto a siHca gel column eluted with 30% 
EtOAc in hexane to give the title conqwund. NMR (500 MHz, CD3OD): 5 8.19 (d, IH), 7.48 (d. 
IH), 7.38-7.35 (m. 2H). 7.31 (d, IH), 7.18 (s, IH), 7.11 (d, IH). 7.03 (d. 2H), 6.67 (d, 2H), 4.23 (m. IH). 

10 3.01 (dd, IH). 2.83 (m, IH), 2.61 (dd. IH), 1.76 (s, 3H), 1.72 (s, 3H), 0.79 (d, 3H). 

Step B N-[2-(3-Cyanophenyl)-3-(4-hydnjxypfaenyl)-l-methylpropyll-2-(4-trifluoromethyl-2- 



The tide componnd was prepared from N-[3-(4-chlorophenyl)-2-(3-cyano0ienyl)-l-methylpropyl]-2-(5- 
trifluorQmethyl-i-K^dyloxy>2-methy]propanamide following tiie procedure described in Refisrence 
15 Example 8, Step B uang tiis(dibenzyUdenBacetone)djpalladium and tii(tert-butyl)phosphine as the 

catalyst 1h NMR (500 MHz, CD3OD): 5 8.19 (d, IH), 7.94 (d, IH), 7.27 (d, IH). 7.38 (d, IH), 7.33 (s, 
IH). 7.18 (s, IH), 7.11 (d, IH), 7.48 (ABq, 4H), 4.23 (m, IH), 2.94 (dd, IH), 2.81 (m. IH); 2.52 (dd, IH). 
1.76 (s. 3H), 1.74 (s, 3H), 0.79 (d, 3H). LC-MS: m/e 498 (M + H)* (3.6 min). 
Step C N-(lS,2S)-[2-(3-Cyanophenyl)-3-(4-methoxyphenyl)-l-methylpropyl]-2-(4- 

20 trifluoromethvl-2-pvridvloxvV2-metb Ylr''"F"''"^^'^^ — 

NK15,2S)-[2<3-Cyanophenyl)-3K4-methoxyphenyl>l-metiiylpropyl]-2K4-ttifluoronKthyl-2- 

pyTidyloxy)-2-methylpropanamide was prepared fromN-(15,25)-[2-(3-cyanophenyl)-3-(4- 
hydroxyphenyl)-l-methylpropyl]-2-(4-trifluoramethyl-2-pyridyloxy>2-methylpropanan^ followmg the 
procedure described in Example 3. Ifi NMR (500 MHz. CD3OD): 8 8.19 (d, IH). 7.48 (br d. IH). 7.37- 
25 7.31 (m, 3H). 7.17 (s, IH). 7.10 (ht d, IH). 6.60 (s. 4H). 4.24 (m. IH), 3.66 (s, 3H). 2.99 (dd, IH). 2.84 
(m, IH), 2.56 (dd, IH). 1.75 (s, 3H). 1.73 (s. 3H). 0.79 (d, 3H). LC-MS: m/e 512 (M + H)* (3.9 min). 



30 N<lS,2S)-[2<3-Cyanophenyl)-3K4-fluoromethoxyphenyl>l-methylpropyl]-2<4-trifluoromfithyl-: 
pvridvloxv'>-2-methvlproDanamide 




EXAMPLE 13 




-53- 



wo 2005/009479 



PCTAJS2004/020233 



NKlS.2S)-[2<3-Cyanophenyl^3-(4-fluoroinethoxyphenyl)4-inBthyIpropyl]-2-(4-tt^ 
2-pyridyloxy>2-inethylptopaiiamide was prepared fromN-(lS,2S)-[2-(3-cyanophenyl>3-(4- 
hydroxyphenyl>l-methylpiopyl]-2-(44rifluoroinethyl-2-pyridylo^^ (Example 12, 

Step B) and fluoramettvliodide following the procedure described in Bxaaiple 4. 
5 1h NMR (500 MHz, CD3OD): 8 8.19 (d, IH), 7.97 (hr d, IH), 7.47 (d, IH). 7.40-7.36 (m, 3H). 7.19 (s, 
IH), 7.12 (m, IH), 6.78 (d 6-68 (d. 2H), 5.61 (d, 2 H), 4.22 (m, IH), 3.00 (dd, IH), 2.83 (m. IH). 
2.60 (dd, IH). 1.78 (8. 3H). 1.74 (s. 3H). 0.79 (d. 3H). LC-MS: m/e 530 (M + H)* (3.9 min). 



EXAMPLE 14 




10 

NKlS,2S)-{2<3<Vanop'ienyl>3-[M2-flaoroethoxy)phenyil4-mettylpr(^ 

pvridvloxvV2-meflivlpr fpaTiaTnide ^ _ 

N<lS,2S)-{2K3-Cyanophenyl)-3-[4K2-fluoroethoxy)phenyl]-l-inefliylpropyl}-2-(4- 

trifluoromethyl-2-pyridyloxy)-2-methylpropanaimde was prepared fromN-(lS.2S)-[2-(3-cyanophenyl)-3- 

15 (4_hydroxyphenyl)-l-methylpropyl>2<4-trifluoKmiethyl-2^yridyloxy)-2-m 

12, Step B) following die procedure described in Example 5. 

IhNMR (500 MHz, CD3OD): 5 8.19 (d, IH). 7.48 (br d, IH), 7.37-7.31 (m, 3H), 7.16 (s, IH), 7.11 (d, 
IH). 7.65 (ABq, 4H), 4.68 (m, IH), 4.59 (m, IH), 4.25 (m. IH), 4.09 (m, IH), 4.04 (m, IH), 2.99 (dd, 
IH), 2.84 (m. IH), 2.56 (dd. IH), 1.75 (s, 3H). 1.73 (s. 3H), 0.79 (d. 3H). LC-MS: m/e 544 (M + H)* 
20 (3.8 min). 

EXAMPLE 15 



F 




N^2^3-Cyano-5-flu0rophenyl)OK4-methoxyphenyl)-l-niethylpn)pyl]-2K5-4rifluorome%^^ 
25 pyridvloxv>-'?-«i«'-tbY^P' '*T*""'""^'^ ■ 
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To a solution of N42<3-cyano-5-fluonq)henyl>3<4-hydroxyphenyl)4-i^ 
trifluoromethyl-2-pyridyloxy)-2-metbylpropai^ ftomExanvle 7, Step B (14 mg, 0.028 mmol) in 1.5 
mL of dimethylf ormamide at (fC was added cesium carbonate (14 mg, 0.042 mmol) and methyl iodide (5 
uL, 0.084 mmol), and the reaction was allowed to wann \xp to room ten^erature over 2 h. The resultmg 
mixture was diluted with eflier (20 mL), washed with water and brine and concentrated to dryness. The 
residue was purified by flash column chromatography elutmg with 10 to 40% ethyl acetate in hexane to 
give the title compound. 1h NMR (500 MHz, CD3OD): 5 8.27 (d, IH), 7.96 (s, IH), 7.94 (d, IH), 7.93 
(d, IH), 7.29 (m, IH), 7.18 (br s, IH), 7.13 (m, IH), 7.03 (d, IH), 6.45 (ABq, 4H), 4.24 (m, IH), 3.67 (s, 
3H), 3.03 (dd, IH), 2.88 (m, IH), 2.57 (dd, IH), 1.75 (s, 3H), 1.73 (s, 3H), 0.82 (d, 3H). LC-MS: m/e 
530(M + H)^(3.9mm). 

EXAMPLE 16 



F 




N-[2K3-Cyano-5-fluorophenyl>3<4-fluoromethoxyphenyl)-l-niBthylpropyl]-2-(^ 

pyridYloxvV2-methvlpr npaTi?nnide 

To a solution of N-[2-(3-cyano-5-fluorophenyl)-3-(4-hydroxyphenyl>l-methylpropyl]--2-(5- 
trifluQromethyl-2-pyridyloxy)-2-methylpropananiide ficomExan5)le 7, Step B (26 mg, 0.050 mmol) in 2 
mL of dimethylf ormamide was added cesium carbonate (25 mg. 0.076 mmol) and chloromethyl methyl 
sulfide (6.4 uL, 0.076 mmol), and the reaction was stirred at room temperature for 4 h. The resulting 
mixture was diluted with ether (20 noL), washed with 0.5 M aqueous sodium bisuKate, water and brine 
and concentrated to dryness to give the crude methyl thioether, which was used without further 
purification. Thus, the methyl thioether in 2 mL of 1,2-dichloroethaae was added to a solution of xenon 
difluoride (8.5 mg, 0.050 mmol) m 1.5 mL of 1 ,2-dichloroethane at 0°C. After stirring at room 
temperature for 1 h, die reaction was quenched by the addition of triethylanune (0.25 mL), and flie 
resulting mixture was loaded onto a silica gel column eluting witii 10 to 40% etiiyl acetate in hexane to 
giveN42-(3-cyano-5-fluoTophenyl)-3<4-fluoromeflioxyphenyl)4-methylpropyll-2-^ 
pyridyloxy)-2-mediylpropanamide. Ir NMR (500 MHz, Ca>30D): 8 8.27 (d, IH), 7.98 (s, IH), 7.95 (dd, 
IH), 7.31 (m, IH), 7.21 (s, IHO, 7.15 (m,'lH), 7.04 (d, IH), 6.79 (d, 2H), 6.73 (d, 2H). 5.61 (d. 2H), 4.24 
(m, IH), 3.04 (m, IH), 2.89 (m, IH), 2.61 (dd, IH), 1.75 (s, 3H), 1.73 (s, 3H), 0.83 (d, 3H). LC-MS: m/e 
548(M + H)*(3.8mm). 

EXAMPLE 17 
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F 



-F 



•F 



N-{2<3<:yano-5-£luorophenyI>3W2-fluOToethoxy)phenyll-l-methyliffopyl}-2K^^ 

pyridvloxv">-2-methvlip ''"p«"a"iide 

To a solution of N-[2<3-cyano-5-fluorophenyl)-3<4-hydroxyphenyl)-l-inethylpro^ 

5 trifluQroinetliyl-2-i»yridyloxy)-2-niethylpropanamide firomExainple 7, Step B (15 mg, 0.039 mmol) in 2 
mL of dimethylfonnaDiide was added cesium carbonate (15 mg, 0.046 mmol) and 2rfluoroethyl 
methanesulfonate (20 uL, 0.16 mmol), and the reaction was stirred at 70°C for 0.5 h. Tlie resulting 
mixture was diluted with ether (20 mL), washed with water and brine and concentrated to dryness, and 
the residue was purified by flash column chromatography on silica gel eluted with 10 to 40% ethyl 

10 acetate in hexane to give N-{2-(3-cyano-5-fluorophenyl>3-[4-(2-fluoroethoxy)phenyl]-l-methylpropyl}- 
2-(5-trifluaromethyl-2-pyiidyloxy)-2-methylpropanaiiride. Ir NMR (500 MHz, CD3OD): PL 87 5-8.27 
(hr s, IH). 7.94 (dd, IH), 7.48 (d, IH), 7.73-7.32 (m, 3H), 7.04 (s, IH), 6.64 (s, 4H) 4.68 (m. IH). 4.59 
(m. IH). 4.25 (m, IH), 4.11 (m, IH). 4.04 (m. IH). 3.02 (dd, IH), 2.84 (m, IH), 2.57 (dd, IH), 1.75 (s, 
3H), 1.73 (s. 3H), 0.80 (d, 3H). LC-MS: m/e 544 (M + H)* (3.8 min). 



N-(lS,2S)-[2K3<;yanophenyl)-3K4-fluoroniethoxyphenyl>l-methylpropyll-2K5-trifluoromethyW^ 

pvTidvloxv')-2-methvlpr npaTiamide . _ 

20 N-(lS,2S)-[2K3-C^anophenyl)-3<4-fluoromethoxyphenyl)-l-methylpropyl]-2K5-trifluoro 

2-pyridyioxy)-2-n!ethylpropanamide was prepared fromN-(lS,25)-[2-(3-cyanophenyl)-3-(4- 
hydroxyphenyl)-l-methylpiopyl]-2<5-trifluoromethyl-2-pyridyloxy)-2-methylpropanamM^ 
Step A) foUowing the procedure described in Example 16. 1h NMR (500 MHz, CD3OD): 5 8.27 (br s, 
IH). 7.97 (br d, IH), 7.94 (dd. IH), 7.48 (br d, IH), 7.38-7.34 (m, 3H), 7.04 (br d, IH), 6.78 (d. 2H), 6.67 
25 (d, 2H), 5.60 (d. 2H), 4.26 (m, IH). 3.03 (dd, IH). 2.86 (m, IH), 2.61 (dd, IH), 1.75 (s, 3H). 1.73 (s, 3H), 
0.81 (d, 3H). LO-MS: m/e 530 (M + H)* (3.8 min). 



IS 



EXAMPLE 18 




-56- 



wo 2005/009479 PCTAJS2004/020233 



Exaiqples 19-26 (Table 1) were prepared fi:omiV-{l& 2S)-[3-<4-chlorophenyl)-2-(3- 
cyanophenyl)-lHnBthylpropyl]aiiime hydrochloride (Reference Exaiqple 4) and the appropriate 
cazboxylic arid of Reference Examples following the procedures described in Exanqile 14. 



Ex. 
No. 


h^ame 


Structure 


retendcm . 
(nun) 


EIPLC-mass 
spectrum nz/€ 


19. 


N-(15,25)-{2-(3- 

Cyanophenyl)-3-[4-(2- 

fluaroethoxy)phenyl]-l- 

methylpropyl}-2-(6- 

trifIuoromethyl-4- 

pyriniidyloxy)-2- 

methylpropanamide 




3.6 


545 


20. 


N-(lS,25)-{2^3- 

CyaBophenyl)-3-[4-(2- 

fluoroethoxy)phenyl]-l- 

rDethylpropyl}-2-(5- 

trifluoroniethyl-2- 

pynoyioxyy-Zf"" 

methylpropanamide 




3.8 


544 


21. 


N-(15,2S>-{2-(3- 

Cyaaophenyl>3-[4-(2-' 

fluoroethoxy)phenyl]-l- 

methylpropyI}-2-(5- 

chloromjethyl-2- 

pyridyloxy)-2- 

methylpropanamide 




3.7 


510 


22. 


N-(15,25>{2-(3- 

Cyanopheayl)-3-[4-(2- 

fluoroethoxy)phenyl]-l- 

methylpropyl}-2-(2- 

pyridyloxy)-2- 

methylpropanamide 




3.5 


476 


23. 


N-(1S,2S:)-{2K3- 

Cyanophenyl)-3-[4-(2- 

fluoroethoxy)pheayll-l- 

methylpropyl} -2-(5- 

methyl-2-pyridyloxy)-2- 

methylpropanamide 




3.6 


490 
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24. 


N-(lS,2S)-{2-(3- 

Cyanophenyl)-3-[4-(2- 

fluoK^thoxy)phenyl]-l- 

metliylpropyll-2-(4- 

methyl-2-pyridyloxy)-2- 

methylpiopanamide 


ril ! 5? 


3.5 


490 


25. 


N-{lS;2S)-{2-<3- 

Cyanophenyl>3-[4-(2- 

fluoroethoxy)phenyl]-l- 

iiiefliylpropyl}-2-(5-cyano- 

2-pyridyIoxy)-2- 

mefliylpropanamide 




3.5 


501 


26. 


N-(lS,2S)-{2-(3- 

Cyaiiophenyl)-3-[4-(2- 

fluoroethoxy)phenyl]-l- 

methylpropyl}-2-(5-fluoro- 

2-pyridyloxy)-2- 

methylpropanaimde 




3.7 


494 



The title con^jound of Example 23 was recrystallized from a mixture of 5 inL hexane and 3 mL 
ethyl acetate per gram of title coirpoimd to give a crystal form that was characterized as follows: 

Differential scanmng calorimetry (DSC) data were coUected at a heating rate of 10 ^amin, under 
nitrogen atmosphere in a crimped pan. The DSC curve displays a melting endotherm with an extrapolated 
onset ten^rature of 87.7°C, a peak temperature of 91.4°C, and an enthalpy change of 77 J/g. 

The title con5)Ound displays the X-ray powder diffraction pattem (XRPD) as shown in Fig. 2. 
The characteristic diffraction peaks corresponding to d-spacings of 9.4, 6.7, 6.2, 5.2, 4.7, 3.9 angstroms. 
The X-ray powder diffraction pattem was generated on a Philips Analytical XTert PRO X-ray 
Diffraction System with PW3040/60 console. A PW3373/00 ceramic Cu LEF X-ray tube K-Alpha 
radiation was used as the source. 

EXAMPLES 27-42 

The following compounds are made by the methods of Bxaii5)les 1-11 with the compounds of 
Examples 12-26. 

(27) N-[2K3-cyano-phenyl)-3K4-[18F]-fluQromethoxyphenyl)-l-mBthylpropyH 
2-pyridyloxy)-2-methylpropanamide; 

(28) N-[2-(3-cyano-5-fluorophenyl)-3-(4-[18l^.fluoromethoxyphenyl)-l-inethylpropyl]-2-(5- 

trifluoromethyl-2-pyridyloxy)-2-methylpropanamide; 

(29) N-(lS2S)-t2<3-cyanophenyl)-3<4-[18F]-fluoromethoxyphenyl>l-methylpro^^ 
trifluoromethyl-2-pyridyloxy)-2-methylpropanamide; 

(30) N-(lS,2S)-{2-(3-cymophenyl)-3-[4-(2-[18F]-fluoroethoxy)phenyll-l-n»t^^^ 
trifluoromethyl-2-pyridyloxy)-2-methylpropanamide; 
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(31) N-[2<3K7ano-5-[18i^-fluorophenyl)-3<4-inellK)xyphBnyl)-l-methylp^ 
triflucTOn»thyl-2-pyridyloxy>2-iiiBthy^propaiiaimde; 

(32) N-[2-(3-cyano-5-flu(TOpheiiyl)-3-(4-[18Fl-flii0ramBA^^ 
trffluorQniefliyl-2-pyridyloxy>2HnBthy]^panainide^^ 

(33) N<lS55)-[2<3<yanopheiiyl)-3<4-[18Fl-flTKJraiiiBthoxyphe^^ 
trffltK)tomelhyl-2-pyridyioxy>2-iiiethylpro^ 

(34) NKlS^-{2<3-cyanophenyl>3-[4-(2-[18F]-fluoroethoxy)phenyl]-l-niethylFO^^^ 
tdfluoron»thyl-4-pyriimdyloxy)-2-nieliiylpropanamide; 

(35) N-(lS^{2-(3-cyanophenyl>3-[4-(2-[18Fl-fluoroethoxy)phenylI-l-niethylpropyl}-2-(5- 

trifluoromBthyl-2-pyridyloxy)-2-methylpropaiianiide; 

(36) NKlS,2S>{2K3-cyanophenyl)-344-(2-[18Fl-fluoroethDxy)phenyl]-l-iiiethylpropyn 
chlorometliyl-2-pyridyloxy)-2-methylpropaiianiide; 

(37) N-(15,25)-{2<3-cyanophfinyl)-3-[4<2-[18in-fluoroetfaoxy)phenyl]-l-meth^^ 

pyridyloxy>2-inethylpropananiide; 

(38) N<lS.2S)-{2<3-(7anophenyt)-3-[4<2-[18in-fluoroethoxy)p^^^ 
2-pyridyloxy)-2-iiiethylpropanaimde; 

(39) N-(lS.2S)-{2<3<yanopheayl>3-[4K2-[18F]-fluaroethoxy)phenyll-l-^ 

2^pyridyloxy)-2-nie«hylpropaiiaimde; 

(40) N-(lS.2!0-{2-(3<yanophenyl>3-[4<2-[18Fl-fliKjroethoxy)phenyll-l-nie&^^ 

2-pyridyloxy)-2-inethylpropanaiiiide; 

(41) N-(lS,2S)-{2K3<yanophenyl)-344-(2-[18iq-fluoioethoxy)phenyl]-l-inethylpropyl^ 

2-pyridyloxy>2-methylpropanamide; 

(42) N<lS,2S)-[2<3-cyanopheayl>3<4-inethoxyphenyl)-l-methylpropyl]-2-(4-[18F] 

2-pyridyloxy)-2-methylpropai3aniide. 

While the invention has been described and illnsttated with reference to certain particular 
embodiments thereof, those skilled in the art will appreciate that various changes, modifications and 
substitutions can be made flietdn witiiout departing from flie spirit and scope of the invention. For 
example, effective dosages oflierfliantiie particular dosages as set forth herem above may be appUcable 
as a consequence of variations in tiie responsiveness of tiie mammal bemg treated for any of the 
indications for the compounds of die invention indicated above. Likewise, the specific phannacological 
responses observed may vary according to' and depending upon the particular active compound selected 
or whetiier there are present pharmaceutical carriers, as weU as ttie type of formulation and mode of 
admmistration employed, and such expected variations or differences in die results are contemplated m 
accordance witii the objects and practices of the present invention. It is intended, flierefore. tiiat ttie 
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invention be defined by the scope of the claims which foUow and that such claims be interpreted as 
broadly as is reasonable. 
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WHAT IS CXAIMED IS: 



r2 O 



Ar' 
X ii 

5 ^ 
whfiiem: 

Arl and Ar2 aie phenyl or pyridyl, 

wherein phenyl and pyridyl are optionally substituted with one to three substituents independently 
selected from R^; 
10 r1 is.selected.from: 

(1) hydrogen, 

(2) hydroxyl, 

(3) fluoro, 

(4) cyano, and 
15 (5) Ci-4alkyl; 

r2 is selected from 

(1) hydrogen, and 

(2) Ci-4alkyl; 
r3 is selected from 

20 (I) Ci-ioalkyl 

(2) C2-10alkenyl, 

(3) C3-iocycloalkyl, 

(4) Cs-iQcycloalkyl-C Malkyl 

(5) cycloheteroalkyl 

25 (6) cycloheteroalkyl-Ci-4aIkyl 

(7) aryl, 

(8) aryI-Ci-4alkyl. 

(9) diaryl-Ci-4aIlsyl 

(10) aryI-Ci4aIkenyl, 

30 (11) heteroaryl, 

(12) heteroaryl-Ci.4all9U 
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(13) -ORd and 

(14) -NRCRd; 

whBiein alkyl and alkeayl are optionally substituted witii one to three substituents independtaitly selected 
from Ra and cycloalkyl, cycloheteroalkyl, aryl and beteroaiyl aie optionally substituted with one to three 
5 substituents mdependenfly selected from Rb; 
each R^ is independraidy selected from: 

(1) -ORd, 

(2) -NRcS(0)mRd, 

(3) halogoi, 
10 (4) -SRd 

(5) -S(0)irf«lcRd, 

(6) -NRCRd, 

(7) -C(0)Rd 

(8) -C02Rd. 

15 (9) -CN, .... 

(10) -C(0)NRCRd 

(11) -NRCC(0)Rd, 

(12) -NRcC(0)ORd, 

(13) -NRcC(0)NRCRd, 
20 (14) -CF3, 

(15) -Oa»3.and 

(16) cycldietBioalkyl; 

each R^ is indepeadentiy selected from: 

(1) R^ 

25 (2) Ci-loaDqrl, 

(3) aryl, 

(4) arylCi-4al]q^l, 

(5) heteroaiyl, and 

(6) heteroarylCi4alkyl; 

30 and Rd are indq»endentiy selected from: 

(1) hydrogen, 

(2) Ci-iOalkyU 

(3) QZnloalkenyl. 

(4) cycloalkyl, 

35 (5) cycloaUgl-Ci-ioallyU 
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(6) cycloheteroal^l, 

(7) cycloheteroalkyl-Ci-ioalkyl; 

(8) aiyl 

(9) heteroaryl, 

5 (10) aiyl-CMOalkyl, and 

(11) heteroaryl-Ci-ioallsyl, or 
Rc and together with the atom(s) to which they are attached f onn a heterocyclic ring of 4 to 7 
members contaiaing 0-2 additional heteroatoms mdependentiy selected from oxygen, sulfur and N-R^, 
each Rc and R^ may be unsubstituted or substituted with one to three substituents selected from Rf ; 

10 each R^ is rndependently selected from 

(1) hydrogen, 

(2) Ci-ioalkyl and 

(3) <XOyRS; 

each R^ is independently selected from: 
15 (1) halogen, 

(2) Ci-ioalkyl. 

(3) -O-Ci^lkyl, 

(4) -S-Ci-4aIkyl, 

(5) -S(0)inCi-4alkyl, 

20 (6) -CN, 

(7) -CF3,and 

(8) -OC3^3; 

m is selected from 1 and 2; 
Rg is selected fix>m: 
25 (1) hydrogen, 

(2) CMOaJkyl. 

(3) C2-10aIkenyl. 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-ioalkyl, 

30 (6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-io alkyl; 

(8) aryl, 

(9) heteroaryl, 

(10) aryl-Ci-ioalkyl, and 
35 (11) heteroaiyl-Cnoallqrl; 

Xl is hydrogen or the radionuclide 3H; 
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one of X, Y, and Z is selected from: 

(1) a radionucUde selected froni the group consisting of: Hcl^p, 125i^82Br, 123^ ISlj^ 
75Br, 15o, 13N,21lAtand77Br, 

(2) -CN, 

(3) •Ci-4alkyl, and 

(4) -0-Ci^talkyI, 

wherein alkyl and cyano contain one ^ ladionuclide or alkyl is substituted with one to three 
l^F atoms, and alkyl is unsubstituted or substituted with one or two fluoro substituents; 

and the other two of X, Y, and Z are each hydrogen; 

and pharmaceutically acceptable salts thereof. 

2. The confound according to Qaim 1, wherein: Rl is selected from hydrogen, fluoro, 
and hydroxyl, and pharmaceutically acceptable salts theieof. 

3. The con5)Ound according to Claim 2, wherena: R2 is selected fromhydrogen, methyl and 
ethyl, and pharmaceutically acceptable salts thereof. 

4. The compound according to Qaim 3, wherein r2 is methyl, and pharmaceutically 
acceptable salts thereof. 

5. The compound according to Claim 4, wherein Arl and Ar2 are each independently 
selected from phenyl unsubstituted or substituted with one or two substituents selected from Rb, and 
pharmaceutically acceptable salts thereof. 

6. The compound according to Claim 5, wherein Arl is phenyl, unsubstituted or substituted 
with halogen, ethoxy, methoxy, and hydroxy; 

and pharmaceutically acceptable salts thereof. 

7. The con^)ound according to Claim 6, wherein Ar2 is phenyl, unsubstituted or substituted 
with one or two substituents selected from halogen and cyano. 

8. The coropound according to Claim 7, wherein R3 is selected from: 

(1) Ci-galkyl, 

(2) C2.8all£enyl, 

(3) C3-iocycloalkyI, 

(4) cycloheteroalkyl-Ci-4alkyl, 
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(5) aiyl-Ci^tallqrl, 

(6) (Baryl-Ci-4a]kyl, 

(7) aiyl-Ci4aIlBBnyl, 

(8) heteroaryl-Ci_4alkyl, 

5 (9) -ORd.and 

(10) -NRCRd 

wherein each alkyl or alfcenyl is optiona]ly substitoted with one or two substituents independently 
selected fromRa, and eadi cycloalkyl, cycloheteroalkyl, aryl and heteroaryl is each optionally 
substituted with one to three substituents independently selected from Rb and wherem cycloheteroalkyl 
10 is selected from pynoUdinyl. morpholinyl, piperazinyl, and piperidinyl; aryl is selected from phenyl and 
naphthyl; and heteroaryl is selected from pyridyl, pyrazolyl. triazolyl, pyrimidyl, isoxazolyl, indolyl and 
(hiazolyl; 

and pharmaceutically accq>table salts thereof. 
15 9. The compound according to aaim7,wheteinR3 is Ci^alkyl substituted with -ORd; 

and phannaceutically acceptable salts thereof. 

10. The conqroundaccordiiig to Claim 8, wherein r3 is: 




20 imsubstituted or substituted on the heteroaryl ring witii an Rb substituent; and phannaceutically 
acceptable salts thereof. 

11. The compound according to Claim 9, wherein each R^ is mdep^identty selected from: 
(1) -ORd, 

25 (2) halogKU 

(3) -CN, 

(4) -CF3, and 

(5) methyl; 

and pharmaceutically acceptable salts thereof. 

30 

12. The compoimd according to Claim 10, wherein: 
Xl is hydrogen, X and Y are hydrogen, and Z sdected from: 

(1) ^H, 
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(2) l^F, 

(3) cyano, wherein the carbon is 1 IC, 

(4) CH3, wherein the carbon is 1 IC, and 

(5) -€F2-18F;or 

5 X 1 is hydrogen, X and Z are hydrogen and Y is selected fiona: 

(1) % 

(2) CH3, wherein the carbon is 1 IC, 

(3) -O-llCHs* 

(4) -OCH2-I8F, 

10 (5) -0C-(2H)2-18F, 

(6) -OCH2CH2-I8F; and 

(7) cyano wherein the carbon is 1 IC; or 

Xl is hydrogen, and Y and Z are hydrogen, and X is selected from: 
(1) 

15 (2) 18f, 

(3) cyano, wherein the carbon is 1 IC, 

(4) -CH2-I8F. 

(5) -0-llCH3» 

(6) -OCH2-I8F, 

20 (7) -OC-(2H)2-18F,and 

(8) -OCH2CH2-18F;or 

xl is the radionuclide 3h, Y and Z are hydrogen and X is the radionuclide 3H; 
and phannaceutically acceptable salts thereof. 

25 13. A compound selected from: 

(1) N-(1S, 25)-[ 2-(3-cyanophenyl)-3-(4-chlQrophenyl)- l-methylpropyl]-2-(5-[18F]-trifluoromethyl-2- 
pyridyloxy)-2-methylpropanamide; 

(2) N-[2-(3-cyano-phenyl)-3-(4-[l lC]-methoxyphenyl)-l-methylpropyl]-2-(5-trifluoroniBthyl-2- 
pyridyloxy)-2-inethylpropanamide; 

30 (3) N-t2<3-cyano-phenyl>3<4-[18F]-fluoromethoxyphenyl)-l-methylprop^^^^ 
pyridyloxy)-2-methylpropanamide; 

(4) N-[2<3K:yano-phenyl>3K4-[18F]-dideuterio-fluQroinethoxyphenyl>l-^ 
trifluaroniethyl-2-pyridyloxy)-2-niethylpropanamide; 

(5) N-[2-(3-cyano-phenyl>3<4-(2-[18iq.fluoroethoxy)phenyl>l-mBthyl^^^ 
35 pyridyloxy>-2-methylpropanainide; 
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(6) N42<3-cyan{>-phenyl>3<4K[18F]-2-fluoroethoxy)phenyl>l-^ 
pyridyloxy>2-inethylpropanaimde; 

(7) N-[2-(3K:yano-5-£luOTophenylK4.[llq-niethoxyphen^^ 
pyridyloxy>2-methyIpropaiiainide; 

5 (8) N-[2-(3-cyano-5-fluarophenyl)<4-[18F3-fluonHn^ 
trifluoK)inetbyl-2-pyridyloxy>2-mB%lpiopaii^ 

(9) N-[2K3-cyancH5-fluoraphenyl>(4-[18F]^fideuterio-fluoIOI^ 
trifluoro3iiethyl-2-pyridyloxy>2-inethylpropananu^ 

(10) N42<3-cyano-5-fluc5rophenyl)<4K2-[18F]-fIuoroethoxy)phenyl)-l-^ 
10 trifluoromethyl-2i)yridyloxy)-2-niethylpropananude; 

(1 1) N-(1S, 25>[3-(4K;Morophenyl>2-(3K;yano-5-fluorophenyl)4-ine%^ 
(trifluoromethyl-2-pyridyloxy>2-methylpropaiiam 

(12) N-(15, 25)-[3-(4K;hloix^2,5-^tritiophenyl>2<3K:yanophenyI^^ 
tiifluoroinethyI-2-pyridyloxy>-2-inethylpropaii^ 

15 (13) N<lS,2S)-[2-(3-cyanophenyl)-3<4-methoxyphcK^ 
2-pyridyloxy)-2-nietiiylpropanainide; 

(14) N-<lS^-[2<3K:yanophenyl)-3<4-[18in-fluorcmiethox^ 
trifluoroi2iethyl-2-pyridyIoxy)-2-methylpropaii^ 

(15) N-<lS,2S)-{2K3<yanophenyl)-3-[4-(2-[18F]-fluoroethoxy)ph^ 
20 trifluoromethyl-2-pyridyloxy)-2-iiiethylpropaaanude; 

(16) N-[2-(3-^yan(>5-[18F]-fluorophenyl)-3<4-methoxyphenyl>l-im 
trifluoroiiiethyl-2-pyridyloxy)-2-niethylpropaiiam 

(17) N-[2-(3-cyano-5-fluorophenyl)-3<4-[18F]-fluoroinethoxyphenyl)-l-^ 
trifluoroiiifithyl-2-pyridyloxy)-2-methylpropanaim^^ 

25 (18) N<lS,25)-[2K3-<:yanophenyl)-3<4-[18F]-fIuoroiiiethoxyphen^ 
trifluoromethyI-2-pyiidyloxy>2-inethylpropaB^ 

(19) NKlS,2S)-{2K3-cyanophenyl)-3-[4^24l8lO-fluQroet^^^ 
trifluoroinethyl-4-pyriimdyIoxy)-2-iiieth^^ 

(20) N<lS.2S)-{2K3-cyanophenyl>3-[4"(2-[18Fl-fluoroethoxy)phen^^^ 
30 trifluoi:oinethyl-2-pyridyloxy)-2-methylpropaBainide; 

(21) NKlS,2S)-{2-(3K:yanophenyl)-344K24l8F]-fiuoroethDxy)phenyU^ 
chloroimtiiyl-2-pyridyloxy)-2-iiiethylpropanamide; 

(22) N-(lS,25)-{2-(3K:yaiiophenyl)-3-[4-(2-[18Fl-fluoroethoxy)phen^ 
pyridyloxy)-2-niethylpropaiiaimde; 
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(23) N-(lS,25)-{2«<3-cyanophenyl)-3-[4-(2-[18F]-fluoroethoxy^^^^ 
2-pyridyloxy)-2-methylpropanainide; 

(24) N-(15,2S)-{2<3-cyanophenyl)0-[4<2-[18F]-nuoroethoxy)phenyl]-l-^ 
2-pyridyloxy)-2-methylpropanaimde; 

5 (25) N<15^-{2<3Ko^anophenyi)-3-[4<2-[18i^-fluoroedioxy)phen^ 
2-pyridyloxy)-2-methylpropaaainide; 
(26) N<lS,2S)-{2<3-cyanophenyl>3-[4-(2-[18l^-fluQroethoxy)phen 

2-{)yridyloxy>2-tiietiiylpiopananiide; 
and phaimaceutically acceptable salts thereof. 

10 

14. The compound according to Claiin 12 selected from: 
W-{[2-(3K;yanophenyl)-3-[4<[18l^-2-fluoroethoxy)phenyl]-l-m^ 
pyridyloxy)-2-methylpropanannde, and 

iV-{[2-(3K;yanophenyl)-3-[4-([18F]-2-fluoixsethoxy)phenyl]4-me%^ 
15 2-methylpr6panainide, 

and phamoaceutically acceptable salts thereof. 

15. A conQponnd selected from: 
Ar-{2-(3-cyanophenyl)-3-[(4-ethoxy)phenyl]- l-methylpropyl}-2-(54rifluaromethyl-2-pyridyloxy>2- 

20 methylpropanamide, and 

iV-{2-<3-cyanophenyl>3-[(4-ethoxy)phmyl]- l-mediylpropyl}-2-(5-methyl-2-pyiidyloxy>2- 
methylpropanamide; 

and pharmaceutically acceptable salts thereof. 

25 1 6. A ladiopharmaceutical conq)osition which couprises the conq>ound according to Claim 

1 and at least one pharmaceutically acceptable carrier or excipient 

17. A method for the diagnostic imaging of cannabinoid-l receptors in a mammal which 
corqprises administering to a mnmrnal in need of such diagnostic imaging an effective amount of the 

30 compound according to Qaim 1 . 

18. The method according to Qaim 16, wherein the mammal is human. 

19. A method for the diagnostic imaging of the faram in a mammal which conqprises 

35 administering to a iriaTnmal in need of such diagnostic imaging an effective amount of the conqiound of 
Claim 1. 
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20. Thg ngtiiod nrr^m^ tn (Tlaim 18. whffldn the mamiTHl is human. 

21. A method for the diagnostkfanagiiig of tissues bearing 

mammal which comprises admmistering to a mammal in need of snch diagnostic imagmg an effective 
amount of the ccmipound of Qaim 1. 

22. The method accordmg to Claim 20, wherein the mammal is human. 

23. A method for the detecdon or quantification of cannabinoid-1 receptors m mammalian 
tissue which comprises cantacting such mammal tissue m which such detection or quantification is 
desked with an effective a3paouut of the compound of Claim 1. 

24. The niethodaccotdmg to CIaan22wherBm the nianimalian tissue is human tissue. 

25. A process foe the preparation of iV^{[2-(3-cyanophenyl)-3-[4-([l^-2- 
fluoroethoxy)phenyll-l-mBthylpropyl}-2<5-trifluoromethyl-2-pyridyloxy)-2-meA^^ 
W-{[2K3H:yanophenyl>3-[4-([18F]-2-flnoroetiioxy)phenyl]4-metiiylpropyl}-2<5-methyl-2i^^^ 
2-methylpropanamide, comprising: contacting iV-[2-{3-cyaaophenyl)-3-(44iydroxyphenyl)-l- 
mediylpropyl]-2<5-trifluoromethyl-2-pyridyloxy)-2-methylpropanamideandW-[2-(3<yan^^^ 
hydroxyphenyl>l-metiiylpropyl]-2-(5-methyl-2-pyridyloxy)-2-methylpropananude with an alkylating 
agent selected from [18F]fluoroefliyl bromide and [ISFJfluoroetiiyl tosylate m the presence of a weak 
base, such as cesium carbonate, m an mert solvent, such as dimethylformamide, at a temperature between 
roomtenqterature and solvent reflux tenq)erature, preferably about lOO'C 

26. Crystalline N-[2-(3-cyano-phenyl)-3-(4-hydroxyphenyl).l-mefliylpropyl]-2-(5-methyl-2- 
pyridyloxy)-2-methylpropanamide, characterized by havmg an endothermic peak tenqierature of 164.2''C 
occurring during thermal analysis using DSC 

27. CrystaUine N-(15,25)-{2-(3-cyanophenyl)-3-[4-(2-fluoroethoxy)phenyl]-l- 
methylpropyl}-2-(5-methyl-2-pyridyloxy)-2-methylpropanamide, characterized by having an endothemnc 
peak teai?)erature of 91.4"'C occurring during tiiermal analysis using DSC 
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